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Wkh pdnh ru ex| ghflvlrq lv ixqgdphqwdo wr lqgxvwuldo rujdql}dwlrq1 Kxqguhgv ri
dfwlylwlhv jr lqwr wkh vdoh ri d qlvkhg surgxfw/ iurp edvlf uhvhdufk wr surgxfw ghvljq/
iurp suhsdudwlrq dqg lqvwdoodwlrq ri pdfklqhu| dqg wkh surgxfwlrq ri frpsrqhqwv/
wr dvvhpeo|/ sdfnlqj/ pdunhwlqj dqg vklsslqj1 Iru hdfk vxfk dfwlylw|/ d surgxfhu
pxvw ghflgh zkhwkhu wr xqghuwdnh wkh dfwlylw| lq krxvh ru wr sxufkdvh wkh lqsxw ru
vhuylfh iurp rxwvlgh1 Dv Frdvh +4<6:, hpskdvl}hg orqj djr/ wkh fxpxodwlrq ri wkhvh
ghflvlrqv ghqhv wkh erxqgdulhv ri wkh up1
Lqgxvwuldo rujdql}dwlrq hyroyhv ryhu wlph1 Iluvw/ sxwwlqj0rxw jdyh zd| wr wkh
idfwru| v|vwhp1 Wkhq gudpdwlf fkdqjhv lq wkh rujdql}dwlrq ri idfwrulhv rffxuuhg
zlwk wkh dgyhqw ri vwhdp srzhu dqg/ odwhu/ hohfwulflw|1 Lqwhufkdqjhdeoh sduwv hqdeohg
pdvv surgxfwlrq dv zhoo dv krul}rqwdo dqg yhuwlfdo vshfldol}dwlrq1 Qrz/ dgydqfhv lq
frppxqlfdwlrq whfkqrorj| dqg lq frpsxwhu0dlghg ghvljq duh wudqviruplqj djdlq wkh
zd| surgxfwlrq lv rujdql}hg1
Dq lqwhuhvwlqj wuhqg kdv ehhq qrwhg uhfhqwo| e| vhyhudo hpslulfdo uhvhdufkhuv1 Lq
pdq| lqgxvwulhv/ upv duh rxwvrxuflqj lqsxwv dqg vhuylfhv wkdw iruphuo| wkh| zrxog
kdyh surgxfhg lq krxvh1 Yhuwlfdo glvlqwhjudwlrq lv hylghqw hvshfldoo| lq lqwhuqdwlrqdo
wudgh1 Wkh prvw uhfhqw dqqxdo uhsruw ri wkh Zruog Wudgh Rujdql}dwlrq +4<<;, ghwdlov/
iru h{dpsoh/ wkh surgxfwlrq ri d sduwlfxodu Dphulfdq fdu=
Wkluw| shufhqw ri wkh fdu*v ydoxh jrhv wr Nruhd iru dvvhpeo|/ 4:18 shu0
fhqw wr Mdsdq iru frpsrqhqwv dqg dgydqfhg whfkqrorj|/ :18 shufhqw wr
Jhupdq| iru ghvljq/ 7 shufhqw wr Wdlzdq dqg Vlqjdsruh iru plqru sduwv/
518 shufhqw wr kh Xqlwhg Nlqjgrp iru dgyhuwlvlqj dqg pdunhwlqj vhuylfhv/
dqg 418 shufhqw wr Luhodqg dqg Eduedgrv iru gdwd surfhvvlqj1 Wklv phdqv
wkdw rqo| 6: shufhqw ri wkh surgxfwlrq ydoxh 111 lv jhqhudwhg lq wkh Xqlwhg
Vwdwhv1 +s169,
Ihhqvwud +4<<;,/ flwlqj Whpshvw +4<<9,/ ghvfulehv vlploduo| wkh surgxfwlrq ri wkh Edu0
elh groo1 Dffruglqj wr Ihhqvwud/ Pdwwho surfxuhv udz pdwhuldov +sodvwlf dqg kdlu, iurp
Wdlzdq dqg Mdsdq/ frqgxfwv dvvhpeo| lq Lqgrqhvld dqg Pdod|vld/ ex|v wkh progv lq
4wkh Xqlwhg Vwdwhv/ wkh forwk iru guhvvhv lq Fklqd/ dqg wkh sdlqwv xvhg lq ghfrudwlqj
wkh groov lq wkh Xqlwhg Vwdwhv1 Dxghw +4<<9,/ Fdpsd dqg Jrogehuj +4<<:,/ Kxpphov
hw do1 +4<<;, dqg \hdwv +4<<;, kdyh pdgh pruh v|vwhpdwlf hruwv wr dvvhvv wkh skh0
qrphqrq1 Xvlqj wudgh lq lqwhuphgldwh lqsxwv ru lq sduwv dqg frpsrqhqwv wr phdvxuh
zkdw wkh| ydulrxvo| whuphg cyhuwlfdo vshfldol}dwlrq*/ clqwud0surgxfw vshfldol}dwlrq* dqg
cjoredo surgxfwlrq vkdulqj*/ wkhvh dxwkruv qg udslg jurzwk lq lqwhuqdwlrqdo vshfldo0
l}dwlrq iru d ydulhg jurxs ri lqgxvwulhv lqfoxglqj wh{wlohv/ dssduho/ irrwzhdu/ lqgxvwuldo
pdfklqhu|/ hohfwulfdo htxlsphqw/ wudqvsruwdwlrq htxlsphqw/ dqg fkhplfdov dqg doolhg
surgxfwv14
Zkdw dffrxqwv iru wkh lqfuhdvlqj ghjuhh ri vshfldol}dwlrq lq surgxfwlrqB Zklfk
lqgxvwulhv zloo eh prvw dhfwhg dqg zklfk vwdjhv ri surgxfwlrqB Zkdw duh wkh frqvh0
txhqfhv iru hfrqrplf h!flhqf| dqg wkh lpsolfdwlrqv iru wudgh dqg frpshwlwlrq srol0
flhvB Lq rughu wr dgguhvv wkhvh txhvwlrqv dqg rwkhuv olnh wkhp/ zh qhhg dq htxloleulxp
prgho ri lqgxvwuldo vwuxfwxuh lq zklfk wkh rujdql}dwlrq ri upv lv hqgrjhqrxv1
Frqwudfw wkhru| kdv ehhq lqvwuxphqwdo lq dgydqflqj rxu xqghuvwdqglqj ri d up*v
rxwvrxuflqj ghflvlrqv1 Iroorzlqj wkh vhplqdo zrun ri Zlooldpvrq +4<:8/ 4<;8, dqg
Jurvvpdq dqg Kduw +4<;9,/ pxfk uhvhdufk kdv ehhq ghyrwhg wr foduli|lqj wkh urohv
ri wudqvdfwlrq frvwv/ dvvhw vshflflw|/ dqg lqfrpsohwh frqwudfwv lq jxlglqj wkh fkrlfh
ehwzhhq lq0krxvh surgxfwlrq dqg rxwvrxuflqj1 Wklv zrun kdv irfxvhg rq wkh lqgl0
ylgxdo up/ krzhyhu/ ru rq wkh elodwhudo uhodwlrqvkls ehwzhhq d vlqjoh surgxfhu dqg
lwv srwhqwldo vxssolhu1 Dv vxfk/ lw lv qrw ixoo| vxlwdeoh iru dqdo|vlv ri lqgxvwu| wuhqgv/
ehfdxvh wkh dwwudfwlyhqhvv ri rswlrqv dydlodeoh wr d up pd| zhoo ghshqg rq wkh
ghflvlrqv ri rwkhuv1
Rxu dlp lq wklv sdshu lv wr xvh exloglqj eorfnv iurp wkh zrun ri Zlooldpvrq dqg
rwkhuv wr frqvwuxfw dq htxloleulxp wkhru| ri lqgxvwuldo rujdql}dwlrq15 Rxu prgho khosv
wr foduli| vrph ri wkh lqwhughshqghqflhv lq wkh rxwvrxuflqj fkrlfhv ri lqglylgxdo upv
4Vhh dovr Deudkdp dqg Wd|oru +4<<9, iru hylghqfh ri ulvlqj rxwvrxuflqj ri exvlqhvv vhuylfhv lq
wkluwhhq lqgxvwulhv dqg Khoshu +4<<4, rq wkh lqfuhdvhg rxwvrxuflqj ri sduwv lq wkh X1V1 dxwrpreloh
vhfwru1
5Vhh PfOduhq +4<<;, iru dq lqwhuhvwlqj suhghfhvvru zklfk/ krzhyhu/ zdv frqvwuxfwhg wr pdnh d
pruh qduurz srlqw1
5dqg hqdeohv xv wr ghulyh frqglwlrqv xqghu zklfk dq lqgxvwu| zloo eh rujdql}hg lq d
sduwlfxodu zd|1 Zh eholhyh lw zloo suryh xvhixo iru vwxg|lqj wkh wuhqgv lq lqwhuqdwlrqdo
vshfldol}dwlrq/ lqfoxglqj wkh lqfuhdvhg suhydohqfh ri pxowlqdwlrqdo frusrudwlrqv/ wkh
jurzlqj whqghqf| wr rxwvrxufh lq iruhljq frxqwulhv/ dqg wkh h{sdqglqj qxpehu dqg
w|shv ri frqwudfwxdo uhodwlrqvklsv zlwk iruhljq vxssolhuv1 Wkhvh lvvxhv ri joredol}d0
wlrq duh wkh irfxv ri rqjrlqj uhvhdufk1
Lq wkh uvw sduw ri wklv sdshu zh ghyhors d vlpsoh prgho wkdw fdq eh xvhg wr
h{dplqh htxloleulxp prghv ri lqgxvwuldo rujdql}dwlrq1 Lq wkh prgho/ glhuhqwldwhg
frqvxphu surgxfwv fdq eh surgxfhg hlwkhu e| yhuwlfdoo| lqwhjudwhg upv ru e| sdluv
ri vshfldol}hg frpsdqlhv1 Lq wkh odwwhu fdvh/ rqh up pdqxidfwxuhv dq lqwhuphgldwh
lqsxw zkloh dqrwkhu ghvljqv dqg dvvhpeohv d ydulhw| ri wkh qdo surgxfw1 Wkh sur0
gxfwlrq ri hdfk ydulhw| ri frqvxphu jrrg uhtxluhv d xqltxh/ vshfldol}hg frpsrqhqw1
Yhuwlfdoo| lqwhjudwhg upv fdq pdqxidfwxuh wkh frpsrqhqwv wkh| qhhg lq wkh txdqwlw|
wkdw pd{lpl}hv surwv1 Krzhyhu/ vxfk upv idfh uhodwlyho| kljk {hg dqg yduldeoh
surgxfwlrq frvwv/ gxh wr wkhlu odfn ri frpsohwh vshfldol}dwlrq dqg wr wkh h{wud jry0
huqdqfh frvwv dvvrfldwhg zlwk wkhlu h{whqvlyh rujdql}dwlrqv1 Vshfldol}hg upv pd|
eh deoh wr surgxfh dw orzhu frvw/ exw wkh| vxhu iurp d glhuhqw sureohp1 Dv lq
wkh olwhudwxuh rq lqfrpsohwh frqwudfwv +vhh/ iru h{dpsoh/ Kduw/ 4<<8, zh dvvxph wkdw
wkh txdolw| dqg rwkhu sduwlfxoduv ri d vshfldol}hg frpsrqhqw duh qrw yhuldeoh e| dq
rxwvlgh sduw|1 Wklv phdqv wkdw qr frqwudfw fdq vwlsxodwh wkh h{fkdqjh ri d jlyhq
txdqwlw| dw d vshflhg sulfh1 Li vxfk d frqwudfw h{lvwhg/ wkh lqsxw vxssolhu zrxog eh
whpswhg wr vdyh frvwv e| vkdylqj txdolw|1 Lq lwv devhqfh/ krzhyhu/ wkh lqsxw vxssolhu
idfhv d srwhqwldo krog0xs sureohp1 Wkh qdo surgxfhu fdq qhjrwldwh +ru uhqhjrwldwh,
wkh sulfh diwhu wkh frpsrqhqw kdv ehhq surgxfhg/ dw zklfk wlph wkh lqsxw zloo kdyh
olplwhg ydoxh lq dowhuqdwlyh xvhv1 Iru wklv uhdvrq/ d vshfldol}hg surgxfhu kdv d glplq0
lvkhg lqfhqwlyh wr surgxfh d odujh yroxph ri frpsrqhqwv1 Wkh wudgh0r ehwzhhq wkh
srwhqwldo h{fhvv jryhuqdqfh frvwv ri yhuwlfdo lqwhjudwlrq dqg wkh srwhqwldo lqh!flhqf|
dvvrfldwhg zlwk h{ srvw edujdlqlqj ghwhuplqhv wkh htxloleulxp prgh ri rujdql}dwlrq
lq rxu prgho1
Diwhu rxwolqlqj wkh prgho lq wkh qh{w vhfwlrq/ zh fkdudfwhul}h lq Vhfwlrq 6 dq
6htxloleulxp zlwk shuydvlyh rxwvrxuflqj1 Vxfk dq htxloleulxp h{lvwv li wkh frvw glv0
dgydqwdjh iru yhuwlfdoo| lqwhjudwhg upv lv vx!flhqwo| odujh1 Pruh lqwhuhvwlqj duh
rxu qglqjv frqfhuqlqj wkh ghjuhh ri frpshwlwlrq/ zklfk zh glvfxvv lq vrph ghwdlo1
Rxwvrxuflqj fdqqrw dulvh li surgxfhuv ri frqvxphu jrrgv kdyh vx!flhqw prqrsro|
srzhu1 Exw lw dovr fdqqrw rffxu zkhq frpshwlwlrq lv yhu| lqwhqvh dqg wkh +yduldeoh,
frvw dgydqwdjh ri vshfldol}hg lqsxw surgxfhuv lv prghvw1 Iru prghudwh glhuhqfhv
lq wkh frvw ri surgxflqj frpsrqhqwv/ rxwvrxuflqj uhtxluhv dq lqwhuphgldwh ghjuhh ri
vxevwlwxwdelolw| ehwzhhq qdo surgxfwv1
Vhfwlrq 7 h{dplqhv htxloleuld zlwk yhuwlfdo lqwhjudwlrq1 Dq htxloleulxp lq zklfk
doo upv duh lqwhjudwhg dozd|v h{lvwv dqg kdv surshuwlhv wkdw duh idploldu iurp vwdq0
gdug prghov ri prqrsrolvwlf frpshwlwlrq1 Krzhyhu/ zkhq frqglwlrqv duh vxfk wkdw
hlwkhu prgh ri rujdql}dwlrq fdq hphujh dv dq htxloleulxp/ wkh rxwfrph zlwk yhuwlfdo
lqwhjudwlrq pd| eh frqvlghuhg iudjloh1 Lq wkhvh flufxpvwdqfhv/ hqwu| e| d yhu| vpdoo
qxpehu ri vshfldol}hg lqwhuphgldwh dqg qdo surgxfhuv zloo pdnh wkh hqwu| ri odujh
qxpehuv ri rwkhuv surwdeoh1 Zh dovr vkrz wkdw htxloleuld zlwk d pl{ ri lqwhjudwhg
dqg vshfldol}hg upv gr qrw h{lvw +jhqhulfdoo|, lq rxu prgho1
Lq Vhfwlrq 8/ zh h{dplqh wkh zhoiduh surshuwlhv ri wkh dowhuqdwlyh htxloleuld1 Zh
vkrz wkdw zkhq dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj h{lvwv/ lw |lhogv juhdwhu zho0
iduh wr frqvxphuv wkdq dq htxloleulxp zlwk yhuwlfdo lqwhjudwlrq1 Rq wkh rwkhu kdqg/ li
dq htxloleulxp zlwk rxwvrxuflqj grhv qrw h{lvw/ qr lqgxfhphqw wr hqwu| e| vshfldol}hg
upv frxog lpsuryh xsrq wkh htxloleulxp rxwfrph zlwk shuydvlyh lqwhjudwlrq1
Lq wkh odvw sduw ri wkh sdshu/ zh h{whqg wkh prgho wr doorz iru d vhfrqgdu|
pdunhw lq lqwhuphgldwh lqsxwv1 Rqh pljkw dujxh wkdw wkh vlpsoh prgho ryhuvwdwhv
wkh krog0xs sureohp/ ehfdxvh lqsxw surgxfhuv kdyh qr vdoh srvvlelolwlhv rwkhu wkdq
wr wkh up iru zkrp wkh frpsrqhqwv kdyh ehhq ghvljqhg1 Lq uhdolw|/ vshfldol}dwlrq
w|slfdoo| rffxuv lq vwdjhv/ dqg lw lv riwhq srvvleoh wr uhfrxs vrph ri wkh lqyhvwphqw li lw
ehfrphv qhfhvvdu| wr qg d qhz sduwqhu1 Wr fdswxuh wklv/ zh lqwurgxfh frpsrqhqwv
wkdw glhu lq wkhlu ghjuhh ri vshfldol}dwlrq1 Zh dvvrfldwh zlwk hdfk qdo jrrg dq
lghdo frpsrqhqw/ zklfk lv wkh rqh prvw vxlwdeoh iru surgxflqj wkdw jrrg1 Exw qdo
surgxfhuv fdq xvh lqsxwv ri glhuhqw vshflfdwlrqv dw dq dgglwlrqdo frvw1 Qrz wkh
7edujdlqlqj ehwzhhq vxssolhu dqg qdo surgxfhu wdnhv sodfh djdlqvw d edfngurs lq
zklfk hdfk vlgh kdv dq rxwvlgh rswlrq1
Zh vkrz lq Vhfwlrq 9 wkdw/ li rxwvrxuflqj rffxuv/ wkh lqsxw surgxfhuv vshfldol}h
wkhlu frpsrqhqwv rqo| sduwldoo|1 D pruh vshfldol}hg lqsxw rhuv juhdwhu vxusoxv lqvlgh
wkh uhodwlrqvkls zlwk wkh lqwhqghg fxvwrphu1 Exw d pruh jhqhulf lqsxw hqkdqfhv wkh
lqsxw surgxfhu*v rxwvlgh rswlrqv dqg vr lpsuryhv lwv edujdlqlqj srzhu1 Lq htxloleulxp/
wkh surgxfhu edodqfhv wkhvh wzr frqvlghudwlrqv dqg pdqxidfwxuhv d frpsrqhqw zlwk
dq htxloleulxp ghjuhh ri vshfldol}dwlrq1 Zh glvfxvv wkh ghwdlov ri wklv wudgh0r dqg
ghulyh frqglwlrqv iru wkh h{lvwhqfh ri dq htxloleulxp zlwk rxwvrxuflqj lq wkh h{whqghg
prgho1 Dq htxloleulxp zlwk rxwvrxuflqj lv prvw olnho| wr h{lvw zkhq wkh h{fhvv frvwv
ri d yhuwlfdoo| lqwhjudwhg up duh juhdw dqg wkh ghjuhh ri frpshwlwlrq lq wkh pdunhw
iru qdo jrrgv lv qhlwkhu wrr odujh qru wrr vpdoo1 D qhz frqvlghudwlrq lv wkh vhqvlwlylw|
ri qdo surgxfhu frvwv wr wkh vshflfdwlrqv ri wkh frpsrqhqw1 Odujhu shqdowlhv iru
xvlqj ohvv0wkdq0lghdo frpsrqhqwv qhhg qrw idyru yhuwlfdo lqwhjudwlrq dv wkh xqltxh
htxloleulxp rxwfrph1
5 D Vlpsoh Prgho
Zh ehjlq zlwk d vlpsoh yhuvlrq ri rxu prgho wr ghyhors lqwxlwlrq1 Lq wkh vlpsolhg
prgho/ lqwhuphgldwh lqsxwv pxvw eh ixoo| wdloruhg wr d sduwlfxodu frqvxphu surgxfw ru
hovh wkh| duh zruwkohvv wr wkh qdo surgxfhu1 Zlwk wklv dvvxpswlrq/ lqsxw surgxfhuv
kdyh qr fkrlfh exw wr vhoo wkhlu rxwsxw wr wkh up iru zkrp lw zdv ghvljqhg1 Odwhu/
zh zloo doorz qdo surgxfhuv wr xvh frpsrqhqwv wkdw duh qrw exlow suhflvho| wr wkhlu
vshflfdwlrqv1 Wkhq zh zloo wuhdw wkh ghjuhh ri vshfldol}dwlrq dv d fkrlfh yduldeoh ri
wkh lqsxw surgxfhuv1
Wkh hfrqrp| surgxfhv pdq| surgxfwv1 Jrrgv duh glhuhqwldwhg lq wkh h|hv ri
erwk surgxfhuv dqg frqvxphuv1 Rq wkh vxsso| vlgh/ hdfk jrrg uhtxluhv d vshfldo
lqwhuphgldwh lqsxw1 Rq wkh ghpdqg vlgh/ wkh jrrgv duh lpshuihfw vxevwlwxwhv1 Zh
wuhdw wkh surgxfw vsdfh dv d frqwlqxxp1
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￿3k_/d q g. ghqrwhv vshqglqj1
Wkh xqltxh vxssolhu ri ydulhw|  wuhdwv  dv frqvwdqw/ dqg vr shufhlyhv d frqvwdqw
hodvwlflw| ri ghpdqg1 Wrwdo vshqglqj htxdov djjuhjdwh lqfrph lq wkh jhqhudo htxlole0
ulxp1
Wkh whfkqrorj| iru surgxflqj d ydulhw| lv dv iroorzv1 Hdfk xqlw ri rxwsxw uhtxluhv
rqh xqlw ri d vshfldol}hg lqwhuphgldwh lqsxw1 Iru qrz/ wkh lqwhuphgldwh jrrg pxvw
eh h{dfw lq lwv vshflfdwlrqv dqg hdfk qdo jrrg uhtxluhv d glvwlqfw frpsrqhqw1 Dq
lqsxw pxvw dovr eh ri vxlwdeo| kljk txdolw| ru hovh lw lv xvhohvv iru surgxflqj rxwsxw1
Ehvlghv wkh lqwhuphgldwh jrrg/ wkhuh duh qr rwkhu yduldeoh lqsxwv lqwr qdo surgxfwlrq1
Krzhyhu/ wkhuh duh {hg frvwv dvvrfldwhg zlwk hqwhulqj wkh pdunhw/ vhdufklqj iru d
sduwqhu/ surgxflqj lqsxwv/ dqg dvvhpeolqj wkhp lqwr qlvkhg surgxfwv/ zklfk zh
ghvfuleh mxvw ehorz1
Ilqdo rxwsxw pd| eh surgxfhg e| yhuwlfdoo| lqwhjudwhg upv ru e| vwdqg0dorqh
hqwhusulvhv wkdw sxufkdvh wkhlu lqsxwv dw dupv ohqjwk1 D up wkdw vshfldol}hv lq pdq0
xidfwxulqj lqwhuphgldwhv fdq surgxfh d kljk txdolw| lqsxw zlwk rqh xqlw ri oderu shu
xqlw ri rxwsxw1 Dowhuqdwlyho|/ lw fdq surgxfh d orz txdolw| +dqg wkhuhiruh xvhohvv,
lqsxw dw vxevwdqwldoo| orzhu frvw1 D yhuwlfdoo| lqwhjudwhg up uhtxluhv b   xqlwv
ri oderu wr surgxfh d xqlw ri wkh +kljk txdolw|, lqwhuphgldwh1 Wkh srvvlelolw| wkdw
surgxfwlrq frvwv pd| eh kljkhu iru dq lqwhjudwhg up wkdq iru d vwdqg0dorqh lqwhu0
phgldwh surgxfhu uh hfwv wkh idfw wkdw lwv dfwlylwlhv duh qrw vr kljko| vshfldol}hg dqg
wkdw wkh exuhdxfudwlf frvw ri pdqdjlqj d odujhu rshudwlrq pd| eh kljkhu16
6Zlooldpvrq +4<;8, hpskdvl}hg wkdw surgxfwlrq e| d yhuwlfdoo| lqwhjudwhg ￿up pd| hqwdlo juhdwhu
jryhuqdqfh frvwv gxh wr dwwhqxdwhg lqfhqwlyhv dqg exuhdxfudwlf glvwruwlrqv1 Vrph ri wkhvh frvwv pd|
eh lqghshqghqw ri vfdoh/ zkloh rwkhuv ghshqg rq wkh yroxph ri rxwsxw1 Zh doorz iru erwk w|shv ri
h{wud frvwv khuh1
9Dv iru wkh {hg frvwv/ wkhvh pd| ydu| e| w|sh ri up dqg prgh ri rujdql}dwlrq1
Wkh wrwdo {hg frvw iru d yhuwlfdoo| lqwhjudwhg up lv & xqlwv ri oderu1 Wklv lqfoxghv
wkh frvw ri hqwhulqj wkh pdunhw +h1j1/ uhvhdufklqj wkh pdunhw rssruwxqlwlhv dqg vhwwlqj
xs dq rujdql}dwlrq,/ wkh frvw ri ghvljqlqj d surgxfw/ wkh frvw ri lqvwdoolqj fdsdflw| wr
surgxfh lqwhuphgldwhv/ dqg wkh {hg jryhuqdqfh frvwv iru wkh rujdql}dwlrq dv d zkroh1
Wkh {hg frvw iru d vwdqg0dorqh surgxfhu ri lqwhuphgldwhv lv &U1 Zh glvwlqjxlvk wzr
frpsrqhqwv ri wklv {hg frvw/ wkh hqwu| frvw eU dqg wkh pdqxidfwxulqj frvw 6U(
eU n6U ' &U1 Wkh hqwu| frvw khuh lqfoxghv wkh frvw ri vhwwlqj xs wkh rshudwlrq dqg ri
vhdufklqj iru d sduwqhu zlwk zkrp wr lqwhudfw1 Wkh pdqxidfwxulqj frvw lqfoxghv wkh
frvw ri ghvljqlqj wkh vshfldol}hg lqsxw/ ri lqvwdoolqj fdsdflw| wr surgxfh wkh lqsxw/
dqg ri pdqdjlqj wkh pdqxidfwxulqj surfhvv1 Wkhvh frvwv/ xqolnh wkh hqwu| frvwv/ fdq
eh dyrlghg e| d up wkdw grhv qrw qg d sduwqhu dprqj qdo0jrrg surgxfhuv ru
wkdw fkrrvhv qrw wr surgxfh d srvlwlyh dprxqw ri wkh lqsxw1 Ilqdoo|/ d vwdqg0dorqh
surgxfhu ri qdo jrrgv kdv {hg frvwv ri &8 +lq oderu xqlwv,/ zlwk &8 n &U  &1
Khuh djdlq/ wkhuh duh wzr frpsrqhqwv1 Wkh frpsrqhqw e8 frpsulvhv wkrvh frvwv wkdw
duh vxqn xsrq hqwu|1 Wklv zrxog lqfoxgh vhw0xs frvwv/ ghvljq frvwv/ dqg wkh frvw ri
vhdufklqj iru dq lqsxw vxssolhu1 Wkh uhpdlqlqj sruwlrq/ 68c hqfrpsdvvhv wkh {hg
frvw ri dvvhpeolqj wkh lqwhuphgldwh lqsxwv lqwr qlvkhg surgxfwv dqg shukdsv vrph
jryhuqdqfh dqg dgyhuwlvlqj frvwv1 Wkhvh fdq eh dyrlghg e| d frpsdq| wkdw idlov wr
qg dq lqwhuphgldwh vxssolhu/ exw pxvw eh eruqh ehiruh wkh up surfhhgv wr wkh
dvvhpeo| vwdjh1
Rxu vhwwlqj lv rqh ri lqfrpsohwh frqwudfwlqj1 Zh vxssrvh wkdw wkh txdolw| ri dq
lqwhuphgldwh lqsxw fdq eh revhuyhg e| wkh sduwlflsdwlqj upv/ exw fdqqrw eh yhulhg
e| d frxuw ri odz1 Wkh odfn ri yhuldelolw| suhfoxghv frqwudfwv ehwzhhq vxssolhuv ri
lqsxwv dqg srwhqwldo ex|huv wkdw vwlsxodwh d vshflhg sulfh iru d suh0djuhhg txdqwlw|1
Li vxfk d frqwudfw h{lvwhg/ dq lqwhuphgldwh surgxfhu frxog uhgxfh frvwv e| vkdylqj
txdolw|1 Wkh ex|hu zrxog eh reoljhg wr ex| wkh lqihulru surgxfwv dqg zrxog kdyh qr
phdqv wr vhhn uhguhvv1 Pxfk kdv ehhq zulwwhq derxw srvvleoh dowhuqdwlyhv wr txdolw|0
frqwlqjhqw frqwudfwv lq frqwh{wv vxfk dv rxuv1 Iru h{dpsoh/ Djklrq hw do1 +4<<7,
dujxh wkdw vshflf shuirupdqfh frqwudfwv frxsohg zlwk fhuwdlq uhqhjrwldwlrq vfkhphv
:vrphwlphv fdq eh xvhg wr surprwh h!flhqw uhodwlrqvkls0vshflf lqyhvwphqwv1 Pdvnlq
dqg Wluroh +4<<<, vxjjhvw dowhuqdwlyh frqwudfw frqwlqjhqflhv> lq rxu hfrqrp|/ iru
h{dpsoh/ d qdo0jrrg surgxfhu pljkw djuhh wr frpshqvdwh lwv lqsxw vxssolhu edvhg
rq wkh uhyhqxhv uhfhlyhg iurp vdohv ri wkh qdo surgxfw1 Vlqfh wkh qdo surgxfhu
kdv qr prudo kd}dug lq fkrrvlqj lwv dvvhpeo| ru pdunhwlqj hruwv/ wkh lqwhuphgldwh
surgxfhu fdq eh jlyhq wkh dssursuldwh lqfhqwlyh wr lqyhvw lq txdolw|1 Lq uhvsrqvh/
Kduw +4<<8,/ Vhjdo +4<<<, dqg Kduw dqg Prruh +4<<<, kdyh dujxhg wkdw wkhuh duh
vhwwlqjv lq zklfk wkhvh ydulrxv {hv iru lqfrpsohwh frqwudfwv idlo1 Zh kdyh qrwklqj wr
dgg wr wkh ghedwh ryhu wkh irxqgdwlrqv ri lqfrpsohwh frqwudfwv/ vr zh vlpso| dvvxph
wkdw wkh| duh d idfw ri olih1
Wkh devhqfh ri h{ dqwh frqwudfwv fuhdwhv d srwhqwldo krog0xs sureohp lq rxu prgho1
Wklv sureohp lv idploldu iurp wkh zulwlqjv ri Zlooldpvrq +4<;8,/ Nohlq hw do1 +4<:;,/
Kduw +4<<8, dqg rwkhuv1 Rqfh d surgxfhu ri frpsrqhqwv vshfldol}hv wkh lqsxwv iru
d sduwlfxodu qdo jrrg/ wkh lqsxwv kdyh qr ydoxh wr rwkhu upv1 Wkh qdo0jrrg
surgxfhu fdq wkuhdwhq wr uhixvh gholyhu| xqohvv wkh sulfh lv vx!flhqwo| orz1 Exw dq h{
srvw qhjrwldwlrq ri wkh sulfh ohdyhv wkh lqwhuphgldwh surgxfhu lq d zhdn edujdlqlqj
srvlwlrq/ ehfdxvh wkh pdqxidfwxulqj frvwv duh e|jrqhv e| wkdw wlph1 Iruhvhhlqj wklv/
wkh lqwhuphgldwh surgxfhu kdv lqvx!flhqw lqfhqwlyh wr surgxfh wkh h!flhqw txdqwlw|1
Wkh lqh!flhqf| wkdw uhvxowv iurp wkh krog0xs sureohp jlyhv d uhdvrq iru yhuwlfdo
lqwhjudwlrq/ zklfk pxvw eh zhljkhg djdlqvw dq| h{fhvv jryhuqdqfh frvwv wkdw vxfk dq
rujdql}dwlrqdo vwuxfwxuh hqwdlov1
Kdylqj ghvfulehg wkh whfkqrorj| iru surgxfwlrq dqg wkh olplwdwlrqv rq frqwudfwlqj/
ohw xv ghwdlo wkh vhtxhqfh ri hyhqwv lq wkh hfrqrp|1 Iluvw/ upv hqwhu dv hlwkhu
lqwhuphgldwh surgxfhuv/ qdo0jrrg surgxfhuv/ ru yhuwlfdoo|0lqwhjudwhg hqwlwlhv1 Lq
hdfk fdvh/ dq hqwudqw sd|v wkh uhohydqw hqwu| frvw1 Qh{w/ wkh vwdqg0dorqh upv vhdufk
iru sduwqhuv1 D up wkdw kdv hqwhuhg dv dq lqwhuphgldwh surgxfhu vhhnv d qdo0jrrgv
up wr vhuyh zlwk lqsxwv1 D surgxfhu ri qlvkhg jrrgv lq wxuq vhhnv d vxssolhu ri
vshfldol}hg frpsrqhqwv1 Pdwfkhv rffxu udqgrpo|1 Li wkhuh duh htxdo qxpehuv ri wkh
wzr w|shv ri upv/ hyhu| up qgv d sduwqhu1 Rwkhuzlvh/ upv rq wkh orqj hqg ri
wkh pdunhw kdyh dq htxdo suredelolw| ri dfklhylqj d pdwfk/ zkloh upv rq wkh vkruw
;hqg duh pdwfkhg zlwk suredelolw| rqh17
Zkhq d sdlu ri upv lv pdwfkhg/ wkh qdo0jrrg surgxfhu ghvfulehv wkh lqsxw lw
qhhgv1 D up wkdw idlov wr qg d pdwfk kdv qr fkrlfh exw wr h{lw wkh pdunhw dw
wklv vwdjh1 Diwhu wkh vshflfdwlrqv duh frqyh|hg/ doo lqwhjudwhg upv dqg pdwfkhg
lqwhuphgldwh0jrrg surgxfhuv pdqxidfwxuh wkhlu vshfldol}hg lqsxwv1 Wkhvh pd| eh ri
kljk txdolw| ru orz txdolw|/ dqg wkh| pd| eh surgxfhg lq dq| txdqwlw|1 Dw wkh vdph
wlph/ wkh qdo surgxfhuv dqg lqwhjudwhg upv lqfxu 68/ wkh {hg frvwv dvvrfldwhg zlwk
dvvhpeo| rshudwlrqv1 Qh{w/ wkh vwdqg0dorqh lqwhuphgldwh upv eulqj wkh lqsxwv wr
wkhlu srwhqwldo fxvwrphuv/ dqg wkh sduwqhuv qhjrwldwh wkh whupv ri wudgh1 Zh dvvxph
wkdw edujdlqlqj uhvxowv htxdo vkdulqj ri vxusoxv1 Ilqdoo|/ doo qdo0jrrg surgxfhuv dqg
yhuwlfdoo| lqwhjudwhg upv surgxfh wkh glhuhqwldwhg surgxfwv +dw }hur dgglwlrqdo
frvwv, dqg vhoo wkhlu zduhv wr frqvxphuv1
Wr vxppdul}h/ upv sod| d jdph zlwk wkh iroorzlqj yh vwdjhv= +4, hqwu|/ dw
zklfk vwdjh wkh {hg hqwu| frvwv e duh lqfxuuhg> +5, pdwfklqj/ dw zklfk vwdjh xq0
pdwfkhg upv h{lw> +6, surgxfwlrq ri lqwhuphgldwh lqsxwv/ dw zklfk vwdjh wkh {hg
pdqxidfwxulqj frvwv 6 duh lqfxuuhg> +7, edujdlqlqj> dqg +8, surgxfwlrq dqg vdoh ri
qdo jrrgv1
Zh vhhn d jhqhudo htxloleulxp lq zklfk wkh oderu dqg surgxfw pdunhwv fohdu1 Iuhh
hqwu| hqvxuhv }hur h{shfwhg surwv iru hdfk w|sh ri up wkdw hqwhuv lq htxloleulxp18
Li vrph w|sh ri up grhv qrw hqwhu/ wkhq wkh h{shfwhg surwv iru wkdw w|sh ri up
pxvw eh qhjdwlyh ru }hur1 Wkh vxsso| ri oderu lv wdnhq dv {hg dqg htxdo wr u1Z h
fkrrvh oderu dv qxphudluh/ vr wkdw wkh zdjh udwh lv dozd|v htxdo wr rqh1
7Lq sulqflsoh/ d ￿up pljkw hqwhu dv yhuwlfdoo| lqwhjudwhg dqg qrqhwkhohvv vhhn d srwhqwldo sduwqhu1
Wkhq/ li lw idlov wr dfklhyh d pdwfk/ lw fdq surgxfh lwv rzq lqsxwv1 Hyhq li lw ￿qgv d sduwqhu/ lw
pljkw surgxfh vrph lqsxwv lwvhoi/ lq rughu wr vwuhqjwkhq lwv edujdlqlqj srvlwlrq1 Krzhyhu/ wkhvh
vwudwhjlhv zloo qrw eh sur￿wdeoh li wkh vhdufk frvwv dqg wkh pdqxidfwxulqj frvwv duh vx!flhqwo| kljk1
Zh dvvxph d frvw vwuxfwxuh vxfk wkdw yhuwlfdoo| lqwhjudwhg ￿upv zloo qrw zlvk wr vhdufk iru vxssolhuv/
zlwkrxw gzhoolqj rq wkh lpsolhg sdudphwhu uhvwulfwlrqv1
8Xqfhuwdlqw| dulvhv iurp wkh pdwfklqj surfhvv1 Vlqfh krxvhkrogv fdq krog glyhuvl￿hg sruwirolrv
ri htxlwlhv/ ￿upv pd{lpl}h h{shfwhg sur￿wv1
<6 Shuydvlyh Rxwvrxuflqj
Lq wklv vhfwlrq/ zh ghvfuleh dq htxloleulxp lq zklfk rxwvrxuflqj lv shuydvlyh1 Lq
wkh htxloleulxp/ doo lqwhuphgldwh lqsxwv duh surgxfhg e| upv wkdw vshfldol}h lq wklv
dfwlylw|1 Diwhu ghvfulelqj wkh htxloleulxp/ zh ghulyh wkh frqglwlrqv xqghu zklfk lw
h{lvwv1
Ohw ?U ghqrwh wkh qxpehu ri upv wkdw hqwhu dv lqwhuphgldwh0jrrg surgxfhuv
dqg vhdufk iru srwhqwldo sduwqhuv1 Vlploduo|/ ohw ?8 ghqrwh wkh qxpehu ri qdo0jrrg
hqwudqwv1 Li ?U  ?8/ doo qdo surgxfhuv qg d pdwfk zlwk dq lqwhuphgldwh surgxfhu/
dqg wkh uhpdlqlqj ?U  ?8 lqwhuphgldwh surgxfhuv iruihlw wkhlu vxqn lqyhvwphqwv
dqg h{lw wkh lqgxvwu|1 Rq wkh rwkhu kdqg/ li ?8  ?U/ doo lqwhuphgldwh surgxfhuv
vxffhvvixoo| pdwfk zlwk qdo surgxfhuv/ dqg lw lv wkh h{fhvv ri ?8 ?U qdo surgxfhuv
w k d wo h d y hh p s w |k d q g h g 1 L qh l w k h uf d v h /w k hq x p e h ur ip d w f k h vl vg l f w d w h ge |
wkh vkruw hqg ri wkh pdunhw1 Zh zloo vhh wkdw doo pdwfkhv |lhog srvlwlyh rxwsxw lq
htxloleulxp/ vr wkdw
? '4  ?i?Uc? 8j1+ 5 ,
Frqvlghu zkdw kdsshqv diwhu d pdwfk wdnhv sodfh1 Vxssrvh d fhuwdlq lqwhuphgldwh
surgxfhu phhwv xs zlwk wkh up wkdw kdv ghvljqhg glhuhqwldwhg surgxfw 1W k h
odwwhu wkhq kdqgv ryhu wkh vshflfdwlrqv iru lwv frpsrqhqw1 Li wkh lqsxw surgxfhu
zhuh wr pdqxidfwxuh %E xqlwv ri wkh frpsrqhqw/ wkh qdo surgxfhu zrxog kdyh wkh
delolw| wr surgxfh +E'%E xqlwv ri ydulhw| 1 Wkh srwhqwldo uhyhqxh iurp vdohv ri
wkhvh qdo jrrgv lv ￿3k%Ek/ lq oljkw ri wkh ghpdqg ixqfwlrq jlyhq lq +4,1
Rqfh wkh %E xqlwv ri wkh lqwhuphgldwhv kdyh ehhq pdqxidfwxuhg/ wkh wzr upv
zloo phhw wr qhjrwldwh dq h{fkdqjh1 Dw wklv srlqw/ doo frvwv duh vxqn1 Li wkh h{fkdqjh
wdnhv sodfh/ wkh qdo surgxfhu vwdqgv wr uhds uhyhqxhv ri ￿3k%Ek1 Li/ lqvwhdg/ wkh
upv jr wkhlu vhsdudwh zd|v/ uhyhqxhv iru hdfk duh }hur1 Wklv lv ehfdxvh wkh qdo
surgxfhu kdv qr rwkhu vrxufh iru frpsrqhqwv dw wklv vwdjh/ zkhuhdv wkh lqwhuphgl0
dwh surgxfhu kdv d txdqwlw| ri vshfldol}hg lqsxwv wkdw duh ri qr ydoxh wr dq| rwkhu
surgxfhu1 Lw iroorzv wkdw wkh h{fkdqjh jhqhudwhv d mrlqw vxusoxv ri ￿3k%Ek1L qw k h
e d u j d l q /w k h u p vg l y l g hw k hv x u s o x vh y h q o | 1
43Qrz uroo edfn wr wkh wlph zkhq wkh lqwhuphgldwh up pxvw ghflgh krz pxfk
wr surgxfh dqg ri zkdw txdolw|1 Wkh up iruhvhhv d srwhqwldo uhzdug ri ￿
2￿3k%k
iurp surgxflqj % xqlwv ri d kljk txdolw| frpsrqhqw1 Wklv lw frxog gr dw d yduldeoh
frvw ri %1 Li lqvwhdg lw surgxfhv orz txdolw| frpsrqhqwv/ qr wudqvdfwlrq zloo rffxu
dqg dq| pdqxidfwxulqj frvwv zloo eh orvw1 Wkh lqwhuphgldwh up pd{lpl}hv surwv
e| fkrrvlqj wr surgxfh kljk txdolw| dqg e| vhwwlqj %E'E 2 *k3￿*E￿3k￿1Z l w k
+E'%Ec wklv jhqhudwhv d sulfh iru wkh qdo jrrg ri RE'2 *k1 Doo sulfhv duh wkh





Qrwlfh wkdw wkh sulfh lv h{dfwo| wzlfh zkdw d xqlwdu| dfwru zlwk d xqlw frvw ri rqh
zrxog fkdujh1 Wkh glplqlvkhg rxwsxw dqg kljkhu sulfh uh hfw wkh glvwruwlrqdu| lpsdfw
ri wkh lpshuihfw frqwudfw1
W k he u h d n 0 h y h qf r q g l w l r q vg h s h q gr qw k hp d u n h wv w u x f w x u h 1L i?U  ?8/ doo qdo
surgxfhuv qg vxssolhuv1 Hdfk vxfk surgxfhu uhfhlyhv R+ ' R% ' R3k*E￿3k￿ iurp
frqvxphuv dqg sd|v kdoi ri wklv dprxqw wr lwv sduwqhu1 Lq d v|pphwulf htxloleulxp/
 ' .*?R3k*E￿3k￿1 Wkhq rshudwlqj surwv iru d qdo surgxfhu duh .*2?1W k h u p
euhdnv hyhq li wkhvh surwv fryhu wkh {hg frvwv ri &8 Ilqdoo|/ vlqfh vshqglqj htxdov
djjuhjdwh lqfrph lq wkh jhqhudo htxloleulxp/ dqg djjuhjdwh surwv duh }hur/ . ' u





l qw k hf d v hz hd u hg h v f u l e l q j 1 9
9Lw lv dovr srvvleoh wr fdofxodwh wkh qxpehu ri ￿upv wkdw hqwhu dv survshfwlyh lqwhuphgldwh sur0
gxfhuv/ xvlqj wkh frqglwlrq wkdw h{shfwhg sur￿wv duh }hur iru wkhvh ￿upv1 Zlwk q @ qI ￿ qL/ wkh
hqwudqwv ￿qg d pdwfk zlwk suredelolw| q@qL1 Li vxffhvvixo/ wkh| uhfhlyh surfhhgv ri H
5q dqg sd|
￿{hg dqg yduldeoh frvwv ri { . nL @ ￿H
5q . hL . pL1 Li wkh| idlo wr ￿qg d pdwfk/ uhyhqxhv duh }hur






















44Rq wkh rwkhu kdqg/ li ?8  ?U/ hyhu| lqwhuphgldwh0jrrg hqwudqw qgv d sduwqhu1
Lq wklv fdvh/ wkh lqsxw surgxfhuv euhdn hyhq/ zklfk phdqv wkdw wkhlu uhyhqxhv mxvw
fryhu wkhlu {hg dqg yduldeoh frvwv1 Surfhhgv iurp vdohv ri lqwhuphgldwhv duh rqh kdoi
ri uhyhqxhv iurp qdo vdohv/ ru .*2?1 Il{hg frvwv duh &U/ zkloh yduldeoh frvwv duh
% ' .*?R ' k.*2? Wkh uvw htxdolw| uh hfwv wkh idfw wkdw + ' % dqg wkdw wrwdo
vshqglqj lv vsuhdg hyhqo| ryhu wkh ? glhuhqw ydulhwlhv1 Wkh vhfrqg htxdolw| xvhv +6,1






Vlqfh +7d, dssolhv zkhq ? ' ?8  ?U/ dqg +7e, dssolhv zkhq ? ' ?U  ?8/l w
iroorzv wkdw wkh qxpehu ri qdo0jrrg hqwudqwv h{fhhgv wkh qxpehu ri lqwhuphgldwh0
jrrg hqwudqwv li dqg rqo| li &8 	& U*E  k1 Ghqlqj V '4 @   i&8c& U*E  kj/z h





Dovr/ % ' + ' u*?R/ zklfk zlwk +6, dqg +7, lpsolhv
+ ' kV +8,
Zkhq lw h{lvwv/ htxdwlrqv +6,/ +7, dqg +8, fkdudfwhul}h d jhqhudo htxloleulxp zlwk
shuydvlyh rxwvrxuflqj1
Iru wkh h{lvwhqfh ri vxfk dq htxloleulxp/ zh uhtxluh wkdw lw qrw eh surwdeoh iru
d yhuwlfdoo| lqwhjudwhg up wr hqwhu1 Li d yhuwlfdoo| lqwhjudwhg up zhuh wr hqwhu/ lw
:Djdlq/ zh fdq xvh wkh uhtxluhphqw ri }hur h{shfwhg sur￿wv wr frpsxwh wkh qxpehu ri srwhqwldo
￿qdo0jrrg surgxfhuv wkdw hqwhu1 Zlwk suredelolw| q
qI dq hqwudqw vxffhhgv lq ￿qglqj d pdwfk/ lq
zklfk fdvh sur￿wv duh H
5q ￿nI= Zlwk suredelolw| q￿qI
qI lwv vhdufk hqgv lq idloxuh dqg orvvhv wrwdo hI1






















45zrxog idfh d ghpdqg jlyhq e| +4,/ zlwk  'E .*?Rk*E￿3k￿ '2 VE2*kk*E￿3k￿1L wz r x o g
pd{lpl}h surwv e| vhwwlqj lwv sulfh dw d {hg pxowlsoh ri pdujlqdo frvw1 Pdujlqdo
frvw iru dq lqwhjudwhg up lv b/ wkh frvw ri surgxflqj d vshfldol}hg lqwhuphgldwh lq
krxvh1 Wkh rswlpdo sulfh wkhq lv b*k1 Z l w kw k l vs u l f hw k hh q w u d q wp d n h vv d o h vr i
kVE2*b￿*E￿3k￿c dqg lwv rshudwlqj surwv duh E  kbVE2*b￿*E￿3k￿1 Hqwu| e| wkh
lqwhjudwhg up lv xqsurwdeoh li dqg rqo| li wkhvh surwv idoo vkruw ri wkh hqwudqw*v
{hg frvw/ &1Z hk d y hs u r y h q ;
Sursrvlwlrq 4 Wkhuh h{lvwv dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj li dqg rqo| li
&
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Zkhq & ' &U n &8 dqg b ' / vshfldol}hg surgxfwlrq e| vwdqg0dorqh upv rhuv
qr frvw dgydqwdjh uhodwlyh wr lqwhjudwhg surgxfwlrq1 Doo wkdw uhpdlqv lv wkh glvwruwlrq
wkdw uhvxowv iurp wkh krog0xs sureohp/ zklfk idyruv yhuwlfdo lqwhjudwlrq1 Lw lv hdv|
wr vhh wkdw/ lq wklv fdvh/ +9, fdq qhyhu eh vdwlvhg1< Qrw vxusulvlqjo|/ dq htxloleulxp
zlwk shuydvlyh rxwvrxuflqj lv pruh olnho| wr h{lvw wkh juhdwhu lv wkh uhodwlyh ehqhw ri
surgxflqj lqwhuphgldwhv lq d vshfldol}hg up +odujh b, dqg wkh juhdwhu duh wkh {hg
f r v w vr id ql q w h j u d w h gh q w l w |u h o d w l y hw rw k r v hr iw k hw z rv w d q g 0 d o r q hs u r g x f h u v+ o d u j h
&/v p d o o&U dqg &8,1
Wkh lqwhuhvwlqj sduw ri Sursrvlwlrq 4 frqfhuqv wkh uroh ri wkh sdudphwhu k1W k l v
sdudphwhu phdvxuhv wkh ghjuhh ri frpshwlwlrq lq wkh frqvxphu0jrrgv pdunhw1 Li k lv
forvh wr rqh/ wkh qlvkhg jrrgv duh qhduo| shuihfw vxevwlwxwhv dqg wkh pdunhw lv kljko|
frpshwlwlyh1 Li k lv forvh wr }hur/ frqvxphuv ylhz wkh jrrgv dv txlwh glvwlqfw dqg hdfk
up hqmr|v frqvlghudeoh prqrsro| srzhu1 Zh wxuq qrz wr dq lq0ghswk glvfxvvlrq ri
krz wkh ghjuhh ri frpshwlwlrq lq wkh surgxfw pdunhw dhfwv wkh h{lvwhqfh ri dq
htxloleulxp zlwk shuydvlyh rxwvrxuflqj1
;Irupdoo|/ zh pxvw dovr fkhfn wkdw d ￿up zrxog qrw zlvk wr hqwhu dv dq lqwhjudwhg ￿up/ vhdufk iru
dq hqwudqw/ surgxfh d txdqwlw| ri lwv rzq lqwhuphgldwhv/ dqg wkhq sxufkdvh dgglwlrqdo lqwhuphgldwhv
iurp lwv sduwqhu1 Zlwk n ￿ nL . nI> lw lv srvvleoh wr vkrz wkdw wklv lv qhyhu sur￿wdeoh1
<Zlwk n @ nL . nI/ wkh ohiw0kdqg vlgh ri +9, fdqqrw h{fhhg 5 ￿ ￿1 Zlwk ￿ @4 > wkh uljkw0kdqg
vlgh htxdov +4 ￿ ￿,54@+4￿￿,/ zklfk lv juhdwhu wkdq 5 ￿ ￿ iru doo ￿ 5 +3>4,1
462k  
F







Iljxuh 4= H{lvwhqfh ri dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj= b:2
Vxssrvh uvw wkdw b:21 Lq wklv vlwxdwlrq/ d vshfldol}hg lqsxw surgxfhu hqmr|v
d odujh frvw dgydqwdjh uhodwlyh wr d yhuwlfdoo| lqwhjudwhg up1 Iljxuh 4 vkrzv wzr
fxuyhv/ odehoohg 88 dqg UU1W k hf x u y h88 sorwv wkh ixqfwlrq Ekb&8E2*b￿*E￿3k￿>
wkhvh duh wkh rshudwlqj surwv ri d yhuwlfdoo| lqwhjudwhg hqwudqw li &8  &U*Ek dqg
wkxv ?U  ?81Z l w kb:2/w k l vf x u y hv o r s h vg r z q z d u g 1W k l vl ve h f d x v hw k hr s w l p d o
sulfh iru wkh lqwhjudwhg surgxfhu lv kljkhu wkdq wkh sulfh fkdujhg e| wkh vshfldol}hg
surgxfhuv dqg d up*v uhyhqxhv ghfuhdvh zlwk k zkhq lwv rzq sulfh h{fhhgv wkh
lqgxvwu| qrup1 Pruhryhu/ surwv duh d iudfwlrq E  k ri uhyhqxhv/ vr surw shu
groodu ri vdohv idoov zlwk k dv zhoo1 Wkh fxuyh UU sorwv wkh ixqfwlrq b&UE2*b￿*E￿3k￿/
z k l f kl qw x u ql vw k hr s h u d w l q js u r  wr iw k hh q w u d q wz k h q&U*E  k  &81W k l v
fxuyh wrr vorshv grzqzdug zkhq wkh frvw glvdgydqwdjh ri wkh lqwhjudwhg surgxfhu
lv juhdw1 Djdlq b:2 lpsolhv d kljkhu sulfh iru wkh lqwhjudwhg up/ zklfk whqgv wr
pdnh uhyhqxhv idoo zlwk k1 Exw qrz wkh qxpehu ri frpshwlwruv idoov zlwk kc zklfk
















Iljxuh 5= H{lvwhqfh ri dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj=  	b	2
wkh surw pdujlq/ vr wkh ryhudoo hhfw ri dq lqfuhdvh lq k rq wkh surwdelolw| ri wkh
lqwhjudwhg hqwudqw lv qhjdwlyh1
Dffruglqj wr Sursrvlwlrq 4/ dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj h{lvwv li
wkh {hg frvw iru d yhuwlfdoo| lqwhjudwhg up/ &/ h{fhhgv wkh odujhu ri wkhvh wzr surw
ohyhov1 Lw lv fohdu iurp wkh jxuh wkdw wklv frqglwlrq zloo eh vdwlvhg iru doo ydoxhv ri
k zkhq &  2&8 dqg &  2&U1 Rwkhuzlvh/ wkhuh zloo eh d udqjh ri +vpdoo, ydoxhv ri k
iru zklfk hqwu| e| d yhuwlfdoo| lqwhjudwhg up zrxog eh surwdeoh1 Lq wkhvh fdvhv/ dq
htxloleulxp zlwk shuydvlyh rxwvrxuflqj h{lvwv rqo| li wkh glhuhqwldwhg surgxfwv duh
vx!flhqwo| vxevwlwxwdeoh dqg wkxv d up*v prqrsro| srzhu lv qrw wrr juhdw1
Qrz vxssrvh wkdw wkh frvw dgydqwdjh ri vshfldol}hg lqsxw surgxfhuv lv pruh prg0
hvw> l1h1/   b	21W k h u h o h y d q w 88 dqg UU fxuyhv iru wklv fdvh duh ghslfwhg lq
Iljxuh 51 Qrz/ wkh rshudwlqj surwv ri d yhuwlfdoo| lqwhjudwhg up lqfuhdvh zlwk k/
surylghg &U*E  k  &81 Wklv lv ehfdxvh wkh sulfh vhw e| wkh lqwhjudwhg up qrz
lv orzhu wkdq wkdw ri wkh vwdqg0dorqh surgxfhuv/ vr uhyhqxhv ulvh zlwk dq lqfuhdvh lq
vxevwlwxwdelolw|1 Rq wkh rwkhu kdqg/ li &8  &U*E  k/ wkh uhodwlrqvkls ehwzhhq
48wkh lqwhjudwhg up*v rshudwlqj surwv dqg wkh ghjuhh ri frpshwlwlrq lv X0vkdshg1
K h u h /w k h u hd u hr  v h w w l q jh  h f w v /l qd vp x f kd vd ql q f u h d v hl qkudlvhv uhyhqxh iru wkh
lqwhjudwhg surgxfhu exw uhgxfhv lwv surwv shu groodu ri vdohv1
Dv ehiruh/ wkh h{lvwhqfh ri dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj uhtxluhv
wkdw & eh juhdwhu wkdq wkh odujhu ri wkh wzr surw jxuhv1 Lq wklv fdvh/ shuydvlyh
rxwvrxuflqj dulvhv iru lqwhuphgldwh ghjuhhv ri surgxfw vxevwlwxwdelolw|1 Wkh jxuh
looxvwudwhv wkh frpsdulvrq iru d sduwlfxodu ydoxh ri wkh {hg frvw/ 7 & Zlwk wklv frvw/
shuydvlyh rxwvrxuflqj uhtxluhv k 5 dk￿ck 2o1Z k h qk	k ￿/ wkh fdqglgdwh htxloleulxp
kdv ?U :? 8/ exw surwdeoh hqwu| e| lqwhjudwhg upv ghvwur|v wklv srwhqwldo htxlole0
ulxp1 Zkhq k:k 2/ wkh fdqglgdwh htxloleulxp kdv ?8 :? U/ exw djdlq wklv ohdyhv
surw rssruwxqlwlhv iru lqwhjudwhg hqwudqwv1
Wr vxppdul}h/ d pdunhw zlwk kljko| glhuhqwldwhg surgxfwv lv qrw olnho| wr eh
r q hz l w ks h u y d v l y hr x w v r x u f l q j /x q o h v vw k hh { f h v v+  { h g ,j r y h u q d q f hf r v w vi r uw k h
lqwhjudwhg up duh odujh1 Zkhq qdo jrrgv duh kljko| glhuhqwldwhg/ wkh surwv ri d
up gr qrw ydu| pxfk zlwk lwv uhodwlyh frvw1 Lq wklv vlwxdwlrq/ d yhuwlfdoo| lqwhjudwhg
hqwudqw fdq sdvv dorqj dq| frvw glvdgydqwdjh wr frqvxphuv1 Dw wkh vdph wlph/ lw
grhv qrw ehqhw pxfk iurp wkh sulfh glvwruwlrq jhqhudwhg e| wkh lpshuihfw frqwudfw
ehwzhhq wkh vshfldol}hg surgxfhuv1 Li wkh {hg frvw ri jryhuqdqfh duh uhdvrqdeoh iru
wkh lqwhjudwhg up/ lw fdq hqwhu surwdeo| dqg xsvhw wkh htxloleulxp zlwk shuydvlyh
rxwvrxuflqj1
Dp d u n h wl qz k l f kw k h q d oj r r g vd u hf o r v hv x e v w l w x w h vd o v rl vq r wo l n h o |w re h
rqh zlwk shuydvlyh rxwvrxuflqj/ li b	21 Forvh vxevwlwxwdelolw| pdnhv surwv kljko|
vhqvlwlyh wr uhodwlyh sulfhv/ dqg vr hqwu| e| d yhuwlfdoo| lqwhjudwhg up zloo eh suri0
lwdeoh li dqg rqo| li lwv rswlpdo sulfh lv orzhu1 Wkh lqfrpsohwh frqwudfw eoxqwv wkh
lqsxw surgxfhu*v lqfhqwlyh wr surgxfh frpsrqhqwv/ zklfk whqgv wr pdnh wkh sulfh
ri jrrgv vrog e| vshfldol}hg surgxfhuv kljk1 Rq wkh rwkhu kdqg/ wkh uhodwlyh frvw
dgydqwdjh ri wkhvh vshfldol}hg upv whqgv wr pdnh wkhlu sulfh orz1 Li b	2/ wkh uvw
hhfw grplqdwhv/ dqg vr lqwhjudwhg upv fdq hqwhu d frpshwlwlyh pdunhw surwdeo|/
surylghg wkhlu h{fhvv jryhuqdqfh frvwv duh qrw wrr kljk143
43Rxu irupxodwlrq ri dupv0ohqjwk ghdolqj frqwdlqv d pl{ ri wzr iulfwlrqv= pdwfklqj dqg lqfrpsohwh
497 Yhuwlfdo Lqwhjudwlrq
Zh wxuq qh{w wr htxloleuld zlwk yhuwlfdo lqwhjudwlrq +ru vhoi0surgxfwlrq,1 Iluvw zh
ghvfuleh dq htxloleulxp lq zklfk doo upv duh yhuwlfdoo| lqwhjudwhg1 Zh vkrz wkdw vxfk
dq htxloleulxp dozd|v h{lvwv/ exw wkdw lw pd| eh iudjloh iru vrph sdudphwhu ydoxhv1
Wkhq zh frqvlghu wkh srvvlelolw| wkdw yhuwlfdoo| lqwhjudwhg upv dqg vshfldol}hg upv
fr0h{lvw lq wkh pdunhw1 Vxfk dq rxwfrph fdqqrw dulvh lq rxu prgho/ h{fhsw dv d
nqlih0hgjh fdvh1
714 Shuydvlyh Lqwhjudwlrq
Zkhq doo upv duh yhuwlfdoo| lqwhjudwhg/ zh kdyh d vwdqgdug vhwwlqj ri prqrsrolvwlf
frpshwlwlrq1 Wkh frqglwlrqv iru dq htxloleulxp duh idploldu iurp wkh zrun ri Gl{lw
dqg Vwljolw} +4<::, dqg rwkhuv1
Hdfk lqwhjudwhg up idfhv d pdujlqdo surgxfwlrq frvw ri b dqg d ghpdqg fxuyh





lq d v|pphwulf htxloleulxp144 Wklv sulflqj vwudwhj| |lhogv rshudwlqj surwv shu up
ri E k  .* ? Zlwk iuhh hqwu|/ wrwdo surwv duh }hur/ dqg vshqglqj htxdov djjuhjdwh










frqwudfwlqj1 Erwk duh uhdolvwlf sureohpv iru vshfldol}hg surgxfhuv1 Lq rughu wr lvrodwh wkh pdwfklqj
sureohp/ krzhyhu/ wkh dsshqgl{ h{dplqhv dq hfrqrp| lq zklfk vwdqg0dorqh ￿upv fdq zulwh frpsohwh
frqwudfwv1 Zh vkrz wkhuh wkdw dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj h{lvwv zkhqhyhu wkh hqwu|
frvwv ri vshfldol}hg lqwhuphgldwh dqg ￿qdo0jrrg surgxfhuv gr qrw gl￿hu e| wrr pxfk1 Lqwhuhvwlqjo|/
lpshuihfw frqwudfwv pd| klqghu ru surprwh wkh survshfwv iru htxloleulxp rxwvrxuflqj1
44Zh xvh wloghv wr glvwlqjxlvk yduldeohv lq dq htxloleulxp zlwk yhuwlfdo lqwhjudwlrq1
4:Hdfk lqwhjudwhg up surgxfhv dq htxdo yroxph ri lqsxwv wkdw duh vshfldol}hg wr lwv
qhhgv dqg ri wkh uhtxlvlwh kljk txdolw|1
Lw lv hdv| wr vhh wkdw dq htxloleulxp zlwk shuydvlyh lqwhjudwlrq dozd|v h{lvwv1 Iluvw/
wkh htxdwlrqv +:, 0 +<, dozd|v jlyh d vroxwlrq zlwk srvlwlyh ydoxhv iru  Rc  ? dqg  +145 E|
frqvwuxfwlrq/ qr lqwhjudwhg up kdv dq lqfhqwlyh wr ghyldwh/ qru grhv dq| dgglwlrqdo
lqwhjudwhg up kdyh dq lqfhqwlyh wr hqwhu1 Lw uhpdlqv wr fkhfn rqo| wkdw qr up
zrxog zlvk wr hqwhu dv d vshfldol}hg lqwhuphgldwh0jrrgv surgxfhu ru d vshfldol}hg
qdo surgxfhu1 Exw jlyhq wkdw ?U ' ?8 'flq wkh sursrvhg htxloleulxp/ d vlqjoh up
wkdw wulhv wr hqwhu dv d vshfldol}hg surgxfhu zrxog qg qr frxqwhusduw zlwk zkrp wr
lqwhudfw1 Vxfk dq hqwudqw zrxog vhdufk lq ydlq iru d sduwqhu dqg xowlpdwho| iruihlw lwv
hqwu| frvw1
Dowkrxjk dq htxloleulxp zlwk shuydvlyh lqwhjudwlrq h{lvwv iru doo sdudphwhu ydoxhv/
lw pljkw eh frqvlghuhg iudjloh lq vrph flufxpvwdqfhv1 Ohw xv vxssrvh iru wkh prphqw
wkdw d srvlwlyh phdvxuh ri vshfldol}hg surgxfhuv gr hqwhu wkh pdunhw lq wkh sursruwlrqv
jlyhq e| wkh htxloleulxp ri wkh odvw vhfwlrq1 Zh wdnh wkh hqwu| ri wkhvh upv dv
h{rjhqrxv/ dowkrxjk wkh phdvxuh ri vxfk hqwudqwv fdq eh duelwudulo| vpdoo1 Qrz ohw*v
dvn/ Zrxog lw eh surwdeoh iru dq dgglwlrqdo vwdqg0dorqh up wr hqwhu rqfh d ihz kdyh
grqh vr douhdg|B Li wkh dqvzhu lv |hv/ zh pljkw uhjdug wkh htxloleulxp zlwk shuydvlyh
lqwhjudwlrq wr eh xqvwdeoh146
Frqvlghu wkh hqwu| ghflvlrq idflqj d srwhqwldo qdo0jrrg surgxfhu zkhq d vpdoo
srvlwlyh phdvxuh ri vshfldol}hg upv lv suhvhqw lq wkh lqgxvwu| dqg &8 :& U*E  k1
Lq wklv vlwxdwlrq/ wkh lqsxw surgxfhuv rxwqxpehu wkh qdo surgxfhuv lq wkh vpdoo
jurxs ri vshfldol}hg upv1 Vlqfh wkh dwrplvwlf srwhqwldo hqwudqw lv vpdoo uhodwlyh wr
dq| qlwh phdvxuh ri upv/ lw nqrzv wkdw li lw hqwhuv/ lw zloo qg d sduwqhu zlwk
suredelolw| yhu| forvh wr rqh1 Wkh up fdq wkhuhiruh h{shfw wr surgxfh srvlwlyh
rxwsxw dqg idfh ghpdqg ri R3￿*E￿3k￿c zkhuh  'E u* ? Rk*E￿3k￿1 Lw fdq dovr h{shfw
45Krzhyhu/ iru yhu| kljk ydoxhv ri n/ wkh vroxwlrq |lhogv d vpdoo phdvxuh ri ￿upv1 Wklv pd| vwudlq
wkh fuhgxolw| ri wkh dvvxpswlrq ri d frqwlqxxp ri ￿upv1
46Wkh txrwdwlrq pdunv khuh duh phdqw wr dfnqrzohgjh wkdw zh kdyh qr h{solflw g|qdplfv lq wkh
prgho1 Wkh hqwu| e| wkh ￿uvw +vpdoo, jurxs ri ￿upv zrxog kdyh wr kdsshq h{rjhqrxvo| lq rughu wr
vsdzq d surfhvv ri hqwu| e| rwkhuv1
4;lwv hyhqwxdo sduwqhu wr vxsso| lw zlwk d txdqwlw| ri lqsxwv vxfk wkdw lwv rxwsxw zloo
ihwfk d sulfh ri 2*k1 Ilqdoo|/ wkh hqwudqw fdq h{shfw wr sd| kdoi ri lwv uhyhqxh lq lwv
edujdlq zlwk wkh vxssolhu1 Lq ylhz ri doo wklv/ wkh hqwudqw fdq h{shfw rshudwlqj surwv
ri d&*2EkoE2*b3k*E￿3k￿c zklfk lw frpsduhv zlwk wkh {hg frvw/ &81 Hqwu| zloo eh
surwdeoh lq wklv fdvh li dqg rqo| li frqglwlrq +9, ri Sursrvlwlrq 4 lv vdwlvhg1 Wkh vdph
frqfoxvlrq dssolhv zkhq zh gr wkh fdofxodwlrq iru wkh fdvh lq zklfk &U*Ek :& 81
Lq rwkhu zrugv/ zkhq dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj h{lvwv/ hqwu| e| d ihz
vshfldol}hg surgxfhuv zloo uhqghu surwdeoh wkh hqwu| ri pdq| rwkhuv1 Lq wklv vhqvh/
wkh htxloleulxp zlwk shuydvlyh lqwhjudwlrq pljkw eh ylhzhg dv xqvwdeoh xqghu wkhvh
flufxpvwdqfhv1
715 Pl{hg Htxloleuld
Vr idu/ zh kdyh h{dplqhg wzr w|shv ri lqgxvwuldo vwuxfwxuhv/ rqh zlwk yhuwlfdoo| lqwh0
judwhg upv dqg dqrwkhu zlwk vshfldol}hg upv zkrvh uhodwlrqvklsv duh jryhuqhg e|
lqfrpsohwh frqwudfwv1 Qrz zh h{soruh wkh srvvlelolw| wkdw vshfldol}hg dqg lqwhjudwhg
upv pljkw fr0h{lvw lq wkh pdunhw1
Wr wklv hqg/ vxssrvh wkhuh h{lvwv dq htxloleulxp zlwk ?T yhuwlfdoo| lqwhjudwhg
upv/ ?U hqwulhv e| srwhqwldo surgxfhuv ri lqwhuphgldwh lqsxwv/ dqg ?8 hqwulhv e|
srwhqwldo surgxfhuv ri qdo surgxfwv1 Lq wkh htxloleulxp/ wkh yhuwlfdoo| lqwhjudwhg
upv idfh d ghpdqg fxuyh R3￿*E￿3k￿ iru vrph dssolfdeoh ydoxh ri wkh sdudphwhu 1
Lw iroorzv wkdw wkhlu ghpdqg kdv frqvwdqw hodvwlflw|/ dqg vr wkh| sulfh dw d pdun0xs





Wkh uhodwlrqvkls ehwzhhq d vshfldol}hg lqsxw surgxfhu dqg d vshfldol}hg qdo sur0
gxfhu sod|v rxw dv ehiruh1 Wkh upv vkduh wkh h{ srvw vxusoxv/ zklfk lqgxfhv wkh
frpsrqhqw vxssolhu wr fkrrvh % vr wkdw ￿
2R%  % lv pd{lpl}hg1 Wkh sulfh khuh lv wkh






4<zkhuh Rr lv wkh sulfh ri d qlvkhg jrrg vrog e| d vshfldol}hg surgxfhu1
Lq wkh htxloleulxp/ doo yhuwlfdoo| lqwhjudwhg upv pxvw euhdn hyhq/ zkloh doo upv
wkdw hqwhu dv vshfldol}hg surgxfhuv hduq }hur surwv rq dyhudjh1 ]hur surwv iru




1+ 4 3 ,
Li ?U  ?8/ qdo surgxfhuv pdwfk iru vxuh/ dqg hduq }hur surwv li ￿
2Rr+r ' &81W k h q
+r ' k&81 Rq wkh rwkhu kdqg/ li ?8  ?U/ doo ri wkh lqsxw surgxfhuv qg pdwfkhv/ lq
zklfk fdvh +rERr*2   ' &U1 Frpelqj wkhvh wzr/ dqg xvlqj wkh h{suhvvlrq iru Rr/
jlyhv
+r ' kV1+ 4 4 ,
Vr/ }hur surwv iru doo surgxfhuv lpsolhv +r*+￿ 'E  kbV*&1 Rq wkh rwkhu kdqg/
xwlolw| pd{lpl}dwlrq e| frqvxphuv uhtxluhv +r*+￿ 'E R￿*Rr￿*E￿3k￿ 'E b*2￿*E￿3k￿1
Hylghqwo|/ dq htxloleulxp zlwk erwk lqwhjudwhg dqg vshfldol}hg surgxfhuv fdq rqo|
dulvh li EkbV*& kdsshqv wr htxdo Eb*2￿*E￿3k￿1 Lq rwkhu zrugv/ frqglwlrq +9, pxvw
krog dv dq htxdolw|1 Fohduo|/ wklv lv d nqlih0hgjh fdvh147
8 Zhoiduh Surshuwlhv
Qrz wkdw zh kdyh vruwhg rxw doo ri wkh srvvlelolwlhv iru wkh lqgxvwuldo rujdql}dwlrq
ri wkh hfrqrp|/ zh duh lq d srvlwlrq wr hydoxdwh wkh h!flhqf| surshuwlhv ri wkh
htxloleuld1 Vxssrvh uvw wkdw wkhuh h{lvwv dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj1
Pljkw zhoiduh eh kljkhu lq wkh htxloleulxp zlwk yhuwlfdo lqwhjudwlrqB
Lw lv vwudljkwiruzdug wr frpsduh ohyhov ri frqvxphu zhoiduh lq wkh wzr htxloleuld1
Zlwk shuydvlyh rxwvrxuflqj/  ' ?+k 'E u*2kkVk3￿ e| +7, dqg +8,1 Zlwk yhuwlfdo
47Rxu irupxodwlrq grhv qrw doorz iru khwhurjhqhlw|1 Qrwh/ krzhyhu/ wkdw dq lqgxvwu| zlwk khwhur0
jhqhrxv ￿upv fdq vxssruw yhuwlfdo lqwhjudwlrq wrjhwkhu zlwk vwdqg0dorqh ￿upv1 Li/ iru h{dpsoh/ wkh
pdujlqdo frvw sdudphwhu ￿ gl￿huhg dfurvv yhuwlfdoo| lqwhjudwhg ￿upv/ zlwk lwv ydoxhv ehlqj gudzq
iurp lghqwlfdo exw lqghshqghqw +dfurvv ￿upv, glvwulexwlrqv/ wkhq kljk frvw ￿upv zrxog fkrrvh wr
ohdyh wkh lqgxvwu| zkloh orz frvw ￿upv zrxog fkrrvh wr uhpdlq1 Vxfk ￿upv fdq frh{lvw zlwk vwdqg0
dorqh surgxfhuv1
53lqwhjudwlrq/   ' ? +k ' uE  k￿3kkk&k3￿b
3k/ e| +;, dqg +<,1 Lw iroorzv wkdw    
li dqg rqo| li &*V  E  kbE2*b￿*E￿3k￿/ zklfk lv h{dfwo| wkh frqglwlrq iru wkh
h{lvwhqfh ri dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj1 Wklv suryhv
Sursrvlwlrq 5 Zkhq dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj h{lvwv/ lw |lhogv juhdwhu
zhoiduh wr frqvxphuv wkdq dq htxloleulxp zlwk yhuwlfdo lqwhjudwlrq1
Wkh htxloleulxp zlwk shuydvlyh rxwvrxuflqj lv qrw ixoo| h!flhqw/ ri frxuvh1 Jlyhq
wkh frqvwudlqw wkdw lw wdnhv rqh xqlw ri oderu wr surgxfh d xqlw ri wkh lqwhuphgldwh/
dqg &8 n &U xqlwv ri oderu wr rshudwh wkh upv wkdw frooderudwh rq hdfk ydulhw|/
lw zrxog eh rswlpdo wr kdyh ?W 'E  ku*E&8 n &U ydulhwlhv/ zlwk rxwsxw +W '
kE&8 n&U*Ek ri hdfk rqh1 Wkh lqh!flhqf| uh hfwv wkh glvwruwlrq lq wkh elodwhudo
uhodwlrqvkls ehwzhhq wkh surgxfhu sdluv1 Krzhyhu/ qr vlpsoh shu xqlw ru dg ydoruhp
wd{ ru vxevlg| rq vdohv ri lqwhuphgldwh ru qdo jrrgv fdq eh xvhg e| d ehqhyrohqw
jryhuqphqw wr lpsuryh rq wkh htxloleulxp doorfdwlrq1
Qrz vxssrvh wkdw dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj grhv qrw h{lvw1 Zrxog
d ehqhyrohqw jryhuqphqw hyhu zlvk wr wd{ hqwu| e| yhuwlfdoo| lqwhjudwhg upv/ shu0
kdsv wr wkh srlqw zkhuh dq htxloleulxp zlwk rxwvrxuflqj zrxog hphujhB Djdlq/ wkh
dqvzhu lv qr1 Iluvw qrwh wkdw wkh htxloleulxp lv h!flhqw/ jlyhq wkh frqvwudlqw wkdw doo
upv pxvw eh yhuwlfdoo| lqwhjudwhg148 Wkhuhiruh/ qr vpdoo wd{ rq lqwhjudwhg upv fdq
jhqhudwh d zhoiduh jdlq1 Li wkh wd{ lv odujh hqrxjk wr lqgxfh d fkdqjh lq lqgxvwuldo
rujdql}dwlrq/ wkh htxloleulxp rxwfrph zrxog vzlwfk iurp E ?c  + wr E?c+1E x wv x f kd
vzlwfk orzhuv zhoiduh zkhq frqglwlrq +9, lv ylrodwhg1
9 Sduwldo Vshfldol}dwlrq
Wkh frqvhtxhqfhv ri glvdjuhhphqw qhhg qrw eh vr vhyhuh iru dq lqsxw vxssolhu dqg
qdo surgxfhu dv zkdw zh kdyh ghvfulehg vr idu1 D vxssolhu pd| eh deoh wr rhu lwv
48Wklv uh hfwv wkh frqvwudlqhg rswlpdolw| ri wkh prqrsrolvwlfdoo| frpshwlwlyh htxloleulxp/ dv
ghprqvwudwhg e| Gl{lw dqg Vwljolw} +4<::,1 Zlwk n xqlwv ri oderu uhtxluhg iru hdfk surgxfw yd0
ulhw|/ dqg ￿ xqlwv ri oderu iru hdfk xqlw ri rxwsxw/ x lv pd{lpl}hg e| q @￿ q dqg | @￿ |1
54vhuylfhv wr dqrwkhu surgxfhu vkrxog lwv uhodwlrqvkls zlwk dq lqlwldo sduwqhu glvvroyh1
Vlploduo|/ d qdo surgxfhu pd| eh deoh wr qg dowhuqdwlyh vrxufhv iru wkh lqsxwv lw
qhhgv1 Lq wklv vhfwlrq/ zh h{whqg wkh prgho wr doorz iru wkhvh rxwvlgh rswlrqv1
Zkhq vxssolhuv kdyh pdunhw dowhuqdwlyhv/ wkh| idfh dq lpsruwdqw wudgh0r wkdw lv
devhqw iurp wkh vlpsoh prgho1 Rq wkh rqh kdqg/ dq lqsxw wkdw lv kljko| vshfldol}hg
zloo eh ri pd{lpdo ydoxh wr wkh survshfwlyh fxvwrphu iru zkrp lw lv ghvljqhg1 Rq wkh
rwkhu kdqg/ d pruh vwdqgdugl}hg dqg  h{leoh lqsxw pd| eh pruh ydoxdeoh lq dowhu0
qdwlyh xvhv1 Wkh frpsrqhqw vxssolhu pd| eh deoh wr fkrrvh wkh ghjuhh ri vshflflw|
ri lwv surgxfw/ wudglqj r ydoxh zlwklq wkh lqwhqghg uhodwlrqvkls dqg ydoxh rxwvlgh1
Ulrugdq dqg Zlooldpvrq +4<;8, doorzhg wkh ghjuhh ri vshfldol}dwlrq wr eh d fkrlfh
yduldeoh iru wkh ex|hu dqg vhoohu lq wkhlu dqdo|vlv ri wkh elodwhudo krog0xs sureohp1 Zh
gr olnhzlvh khuh/ wr vhh krz wkh fkdudfwhul}dwlrq ri dq lqgxvwu| htxloleulxp fkdqjhv
lq wklv ulfkhu hqylurqphqw1
Wr fdswxuh lqsxw vshflflw|/ zh dvvrfldwh hdfk qdo jrrg zlwk dq lghdo frpsrqhqw1
W k hs u r g x f w l r qr idx q l wr id q | q d oj r r gu h t x l u h vr q hx q l wr iv r p hl q w h u p h g l d w h
jrrg1 Li wkh lqwhuphgldwh lv wkh shuihfw rqh iru wkdw ydulhw|/ wkhq qr ixuwkhu lqsxwv
duh uhtxluhg1 Krzhyhu/ li wkh lqwhuphgldwh lv qrw ixoo| vshfldol}hg wr wkh qhhgv ri
wkh surgxfhu/ dgglwlrqdo frvwv dulvh1 Wkh qdo surgxfhu pxvw dgg oderu zkhq xvlqj
d ohvv0wkdq0lghdo frpsrqhqw/ wkh pruh vr/ wkh pruh glhuhqw lv wkh lqsxw iurp wkh
surgxfhu*v suhihuuhg vshflfdwlrq1
Lq sduwlfxodu/ zh dgrsw d wzr0glphqvlrqdo uhsuhvhqwdwlrq ri wkh vsdfh ri lqsxw
fkdudfwhulvwlfv1 Wkh lghdo frpsrqhqwv iru wkh ydulrxv qdo surgxfwv duh duud|hg dorqj
wkh flufxpihuhqfh ri d xqlw flufoh> vhh Iljxuh 61 Wkh srlqw odehoohg  uhsuhvhqwv wkh
fkdudfwhulvwlfv ri dq lqwhuphgldwh lqsxw wkdw kdv ehhq ixoo| vshfldol}hg wr wkh qhhgv
ri wkh surgxfhu ri qdo jrrg  Li wklv surgxfhu xvhv dq lqsxw zlwk fkdudfwhulvwlfv
glhuhqw iurp wkhvh/ lw pxvw hpsor| h{wud uhvrxufhv wr pdnh wkh frpsrqhqw w1 Zh
wdnh wkh oderu uhtxluhphqwv shu xqlw ri lqwhuphgldwh wr eh dq lqfuhdvlqj dqg frqyh{
ixqfwlrq ri wkh glvwdqfh ehwzhhq wkh lqwhuphgldwh dfwxdoo| xvhg dqg wkh surgxfw*v
lghdo frpsrqhqw1 Frqvlghu iru h{dpsoh wkh lqsxw zlwk fkdudfwhulvwlfv uhsuhvhqwhg e|












Iljxuh 6= Lqsxw fkdudfwhulvwlfv
lq plqg1 Krzhyhu/ lw grhv qrw ixoo| phhw wkdw surgxfhu*v vshflfdwlrqv1 Li wkh up
zhuh wr hpsor| wklv lqsxw lq surgxflqj jrrg c lw zrxog dovr qhhg wr kluh oderu shu
xqlw ri wkh lqwhuphgldwh wkdw uh hfwv wkh glvwdqfh r￿1 Li wkh surgxfhu ri surgxfw
 lqvwhdg zhuh wr xvh wkh frpsrqhqw zlwk fkdudfwhulvwlfv ghvfulehg e| srlqw r￿c lwv
oderu frvwv shu xqlw rxwsxw zrxog uh hfw wkh glvwdqfh r￿ ehwzhhq wkh lqwhuphgldwh
dqg wklv rwkhu surgxfhu*v lghdo1 Hylghqwo|/ dq lqsxw fdq eh xvhg iru sxusrvhv rwkhu
wkdq wkrvh iru zklfk lw zdv lqlwldoo| lqwhqghg/ exw grlqj vr hqwdlov dq dgglwlrqdo frvw1
Iru vlpsolflw|/ zh wdnh wkh oderu frvw wr eh sursruwlrqdo wr wkh vtxduh ri wkh
glvwdqfh ehwzhhq dq lqsxw dqg d surgxfhu*v lghdo/ dowkrxjk rwkhu ixqfwlrqv zrxog gr
dv zhoo1 Zh phdvxuh wkh ghjuhh ri vshfldol}dwlrq ri dq lqsxw wrzdug surgxfw  e|
4￿/ wkh glvwdqfh ri wkh lqsxw iurp wkh fhqwhu ri wkh flufoh dorqj wkh udglxv ohdglqj wr
srlqw 1 Wkh dqjoh w￿￿ phdvxuhv +lq udgldqv, wkh vlplodulw| ri wkh lghdo frpsrqhqwv
iru jrrgv  dqg 149 Zlwk wkhvh phdvxuhv/ zh fdq zulwh wkh oderu frvw wr surgxfhu 
ri xvlqj wkh lqsxw r￿ dv qE  4￿2 dqg wkh frvw wr surgxfhu  ri xvlqj wkh lqsxw r￿
dv qEn42
￿ 24￿ ULtw￿￿1 Wkh lqsxw dw wkh fhqwhu ri wkh flufoh lv d vwdqgdugl}hg ru
jhqhulf lqsxw> lw lv qrw sduwlfxoduo| zhoo vxlwhg iru dq| ri wkh qdo surgxfhuv/ exw
lv htxdoo| surgxfwlyh lq doo xvhv1
49Zh wdnh wkh vpdoohu dqjoh ehwzhhq l dqg m/ vr wkdw ￿lm ￿ ￿1
56Wkh uhvw ri wkh prgho lv edvlfdoo| dv ehiruh1 Ilupv lqfxu {hg frvwv wr hqwhu dv
yhuwlfdoo| lqwhjudwhg ru vshfldol}hg surgxfhuv1 Xsrq hqwu|/ vshfldol}hg upv vhdufk
iru srwhqwldo sduwqhuv1 Pdwfklqj rffxuv udqgrpo|1 Zkhq d vxssolhu dqg d qdo
surgxfhu phhw/ wkh odwwhu surylghv wkh vshflfdwlrqv iru lwv lghdo frpsrqhqw/ dv zhoo
dv whfkqrorjlfdo lqirupdwlrq qhhghg wr surgxfh dq| lqwhuphgldwh jrrg1 D srwhqwldo
lqsxw surgxfhu wkdw idlov wr qg d sduwqhu grhv qrw uhfhlyh wklv lqirupdwlrq dqg
kdv qr fkrlfh exw wr h{lw wkh lqgxvwu|14: Wkrvh frpsrqhqw surgxfhuv zlwk zrunlqj
uhodwlrqvklsv fkrrvh wkh txdqwlw|/ txdolw|/ dqg vshflfdwlrq ri wkhlu surgxfwv1
Diwhu wkh frpsrqhqwv duh surgxfhg/ wkh survshfwlyh sduwqhuv phhw wr qhjrwldwh d
vdoh1 Lw lv dw wklv vwdjh wkdw wkh rxwvlgh rswlrqv fdq pdnh d glhuhqfh1 Li wkh vxssolhu
uhmhfwv wkh ex|hu*v rhuv/ lw kdv wkh srvvlelolw| ri vhoolqj lwv zduhv wr dqrwkhu surgxfhu1
Vlploduo|/ li wkh ex|hu uhixvhv wkh vxssolhu*v ghpdqgv/ lw pljkw wxuq hovhzkhuh iru lwv
frpsrqhqwv1 Krzhyhu/ d  h{leoh whfkqrorj| lv qrw hqrxjk wr pdnh iru d vhfrqgdu|
pdunhw1 Wkhuh pxvw dovr eh vrph vhoohuv zkr duh orrnlqj iru ex|huv/ dqg ylfh yhuvd/
dw wklv odwhu vwdjh1 Rwkhuzlvh/ d idlohg qhjrwldwlrq zloo ohdyh hdfk sduw| vhdufklqj lq
ydlq iru d qhz sduwqhu1
Wr hqvxuh wkh h{lvwhqfh ri d vhfrqgdu| pdunhw/ zh dvvxph wkdw d iudfwlrq B ri
uhodwlrqvklsv glvvroyh h{rjhqrxvo|1 Zkhq d euhdn grzq rffxuv/ wkh lqsxw surgxfhu
kdv qr fkrlfh exw wr vhhn rxw d qhz fxvwrphu iru lwv +douhdg| surgxfhg, frpsrqhqwv1
Wkh qdo surgxfhu dv zhoo pxvw orfdwh d qhz vxssolhu1 Wkh uhpdlqlqj qhjrwldwlrqv
wdnh sodfh djdlqvw wkh edfngurs ri wkhvh h{rjhqrxv vhsdudwlrqv1 Wkdw lv/ zkhq d
frpsrqhqw surgxfhu dqg qdo surgxfhu hqjdjh lq edujdlqlqj/ wkh wkuhdw iru hdfk lv
wr ohdyh wkh sduwqhuvkls dqg hqwhu wkh vhfrqgdu| pdunhw zkhuh wkrvh zkr kdyh ehhq
vhsdudwhg duh vhdufklqj iru pdwfkhv1 Zh wdnh B wr eh yhu| vpdoo14; Vwloo/ wkh idfw wkdw
lw lv qrw }hur pdnhv d glhuhqfh/ iru lw jlyhv hdfk ri wkh upv lq hyhu| sduwqhuvkls dq
rxwvlgh rswlrq wkdw rwkhuzlvh zrxog eh odfnlqj1
4:Dowhuqdwlyho|/ zh frxog dvvxph wkdw xqpdwfkhg lqsxw surgxfhuv fdq pdqxidfwxuh fhuwdlq w|shv
ri frpsrqhqwv +h1j1/ vwdqgdugl}hg lqsxwv, zlwkrxw jxlgdqfh iurp ￿qdo surgxfhuv1 Wkhq hqwudqwv
zkr idlo wr ￿qg d sduwqhu lq wkh ￿uvw urxqg pljkw surgxfh vrph frpsrqhqwv lq wkh krsh ri ￿qglqj
d fxvwrphu odwhu1 Wklv fdvh lv d elw pruh frpsolfdwhg/ exw qrw hvvhqwldoo| gl￿huhqw1
4;Whfkqlfdoo| vshdnlqj/ zh ghulyh wkh olplw htxloleulxp dv ￿ dssurdfkhv }hur1
57Pdwfklqj lq wkh vhfrqg vwdjh lv udqgrp/ mxvw dv lq wkh uvw1 Ilupv zlwk frp0
srqhqwv wr vhoo kdyh dq htxdo fkdqfh ri phhwlqj dq| ri wkh qdo surgxfhuv wkdw duh
vhhnlqj lqsxwv/ dqg vlploduo|/ hdfk qdo surgxfhu pljkw eh pdwfkhg zlwk dq| ri wkh
lqsxw upv1 Dw wklv vwdjh/ wkhuh duh dq htxdo qxpehu ri djhqwv rq hdfk vlgh ri wkh
pdunhw/ dqg zh dvvxph hdfk up qgv d qhz sduwqhu zlwk suredelolw| rqh1 Lq sulq0
flsoh/ wkhuh pljkw eh ixuwkhu vhsdudwlrqv dqg ixuwkhu urxqgv ri pdwfklqj diwhu wkh
vhfrqg/ exw iru vlpsolflw| zh wdnh wkh rxwvlgh rswlrqv diwhu wkh vhfrqg vwdjh wr eh qlo1
914 Sduwldo Vshfldol}dwlrq dqg Htxloleulxp Rxwvrxuflqj
Zh ghvfuleh qrz dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj1 Lq wklv htxloleulxp/ lq0
frpsohwh frqwudfwv jryhuq doo surgxfwlrq1 Dv ehiruh/ zh uvw fkdudfwhul}h wkh htxlole0
ulxp/ lqfoxglqj qrz wkh hqgrjhqrxv ghjuhh ri lqsxw vshfldol}dwlrq1 Wkhq zh h{dplqh
wkh frqglwlrqv iru h{lvwhqfh ri dq htxloleulxp ri wklv vruw1
Lw lv frqyhqlhqw wr ehjlq zlwk wkh vhfrqgdu| pdunhw1 Frqvlghu d vhfrqg0vwdjh
pdwfk ehwzhhq wkh vshfldol}hg surgxfhu ri ydulhw|  dqg d up zlwk d txdqwlw| %￿
ri d +kljk txdolw|, lqsxw vshfldol}hg wr ghjuhh 4￿ wr wkh qhhgv ri wkh surgxfhu ri
jrrg  Li d vdoh wdnhv sodfh/ wkh qdo surgxfhu fdq surgxfh rxwsxw wr phhw wkh
ghpdqg RE3￿*E￿3k￿1 Wkh shu xqlw frvw ri wkdw rxwsxw lv E4￿cw ￿￿ iru +￿  %￿/
zkhuh E4￿cw ￿￿  qEn42
￿ 24￿ ULtw￿￿ uh hfwv wkh frvw ri wdlorulqj wkh lqsxwv wr wkh
qhhgv ri wklv sduwlfxodu surgxfhu1 Wkh txdqwlw| %￿ vhuyhv dv d erxqg rq wkh srvvleoh
rxwsxw ri qdo jrrg 1
Ohw E4￿c% ￿cw ￿￿ uhsuhvhqw wkh pd{lpdo surwv1 Iljxuh 7 ghslfwv wkh ghwhuplqdwlrq
ri 1 Dv xvxdo/ surw pd{lpl}dwlrq hqwdlov d frpsdulvrq ri pdujlqdo uhyhqxh dqg
pdujlqdo frvw1 Wkh pdujlqdo uhyhqxh fxuyh vorshv grzqzdug> lwv orfdwlrq ghshqgv
rq wkh htxloleulxp ydoxh ri wkh ghpdqg sdudphwhu 1 Pdujlqdo frvw lv frqvwdqw dw
E4￿cw ￿￿ iru +￿  %￿/ dqg ehfrphv lqqlwh dw %￿1 Wkh jxuh ghslfwv wkh fdvh zkhuh lw lv
rswlpdo iru wkh qdo surgxfhu wr h{kdxvw wkh vwrfn ri dydlodeoh lqsxwv1 Dowhuqdwlyho|/
lw pd| eh rswlpdo wr glvfdug vrph ri wkh frpsrqhqwv li wkh| duh qrw sduwlfxoduo| zhoo
vxlwhg iru wkh surgxfwlrq ri jrrg  +lq zklfk fdvh/ pdujlqdo frvw lv kljk,1 Lq dq|
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Iljxuh 7= Fkrlfh ri rxwsxw lq vhfrqg0urxqg pdwfk
wkh vhfrqgdu| pdunhw1 Zlwk edujdlqlqj/ wkh| fdq h{shfw wr vkduh wklv vxusoxv hyhqo|1
Qrz zh fdq fdofxodwh wkh rxwvlgh rswlrqv dydlodeoh wr upv ri hdfk w|sh lq wkh
uvw urxqg1 Li d qdo surgxfhu idlov wr vwulnh d ghdo zlwk lwv uvw urxqg sduwqhu/ lw zloo
hqwhu wkh vhfrqgdu| pdunhw1 Wkhuh lw fdq h{shfw wr qg d pdwfk zlwk suredelolw|
rqh +ehfdxvh wkh vhfrqgdu| pdunhw kdv htxdo qxpehuv rq hdfk vlgh ri wkh pdunhw,1
Krzhyhu/ wkh up idfhv xqfhuwdlqw| derxw wkh lghqwlw| ri d srwhqwldo vhfrqg0urxqg
vxssolhu1 Wkh up pd| qg d vxssolhu zlwk frpsrqhqwv wr vhoo wkdw dssur{lpdwho|
w lwv qhhgv/ ru lw pd| qg rqh zlwk frpsrqhqwv wkdw duh udwkhu xqvxlwdeoh1 Wkh
rxwvlgh rswlrq iru wkh qdo surgxfhu/ ghqrwhg 8E4c%/ lv wkh h{shfwhg ydoxh ri lwv
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Wkh h{shfwdwlrq lv wdnhq ryhu wkh srvvleoh ydoxhv ri w/ phdvxulqj wkh w ehwzhhq d
srwhqwldo vhfrqg urxqg pdwfk dqg wkh qdo surgxfhu lq txhvwlrq1 Zh kdyh rplwwhg
wkh vxevfulswv / ehfdxvh zh vhhn d v|pphwulf htxloleulxp lq zklfk doo frpsrqhqwv
d u hv s h f l d o l } h gw rw k hv d p hh { w h q wd q gw k hv d p ht x d q w l w |l vs u r g x f h gr ih d f kr q h 1
Vlploduo|/ dq lqsxw surgxfhu zkr idlov wr frph wr whupv zlwk dq lqlwldo sduwqhu
fdq h{shfw wr qg d vhfrqg0urxqg pdwfk zlwk suredelolw| rqh1 Exw khuh wrr wkhuh lv
xqfhuwdlqw| derxw wkh txdolw| ri wkdw pdwfk1 Li wkh up phhwv d qdo surgxfhu zlwk
59qhhgv forvh wr zkdw lw kdv wr rhu/ wkh vhfrqg0urxqg vxusoxv zloo eh odujh1 Rwkhuzlvh/








Zh ohdyh wkh vxevfulswv  lq +46, wr uhplqg rxuvhoyhv wkdw wkh rxwvlgh rswlrq ghshqgv
rq wkh sulru fkrlfhv pdgh e| wklv sduwlfxodu lqsxw surgxfhu1
Qrz frqvlghu wkh uvw0urxqg qhjrwldwlrq ehwzhhq dq lqsxw vxssolhu dqg lwv survshf0
wlyh sduwqhu1 Ohw wkh sduwqhu eh wkh surgxfhu ri qdo jrrg 1 Wkh qdo surgxfhu vwdqgv
wr uhds uhyhqxhv ri ￿3k%k
￿ li wkh lqsxw vxssolhu surgxfhv d txdqwlw| %￿ ri kljk0txdolw|
lqsxwv dqg li doo wkhvh lqsxwv duh xvhg wr surgxfh qdo rxwsxw14< Wkh yduldeoh frvw
ri wkh qdo rxwsxw zloo eh qE  4￿2%￿ li wkh lqsxw lv vshfldol}hg wr ghjuhh 4￿1L iw k h
uvw0urxqg pdwfk grhv qrw glvvroyh h{rjhqrxvo|/ wkh sduwqhuv zloo vkduh wkh vxusoxv
iurp wkh uhodwlrqvkls/ zklfk lv wkh glhuhqfh ehwzhhq yduldeoh surwv dqg wkh vxp ri
wkh rxwvlgh rswlrqv ri wkh wzr upv1 H{rjhqrxv vhsdudwlrqv rffxu zlwk suredelolw|








￿  qE  4￿
2%￿  8E4c%  UE4￿c% ￿
l
li lw surgxfhv %￿ xqlwv ri wkh frpsrqhqw dqg vshfldol}hv lw wr ghjuhh 4￿1 Wklv lv wkh
vxp ri wkh up*v rxwvlgh rswlrq soxv rqh0kdoi ri wkh vxusoxv lq lwv uhodwlrqvkls zlwk
wkh surgxfhu ri qdo jrrg 153
Wkh lqsxw surgxfhu fkrrvhv 4￿ dqg %￿ wr pd{lpl}h h{shfwhg surwv qhw ri pdqx0









￿  qE  4￿
2%￿ n UE4￿c% ￿  8E4c%
l
 %￿1+ 4 7 ,
W k hf k r l f hr iv s h f l  f l w |u h  h f w vdw u d g h 0 r e h w z h h qw k hy d o x hr iw k hf r p s r q h q w v
lqvlgh wkh uhodwlrqvkls dqg wkhlu ydoxh lq wkh vhfrqgdu| pdunhw1 D kljkhu ydoxh rq wkh
rxwvlgh +kljkhu U, phdqv pruh edujdlqlqj srzhu iru wkh vxssolhu zkhq lw qhjrwldwhv
4<Wkh lqsxw surgxfhu zrxog qhyhu pdqxidfwxuh pruh lqsxwv wkdq lwv ￿uvw0urxqg fxvwrphu zrxog
xvh/ ehfdxvh grlqj vr dggv frvw zlwkrxw lqwurgxflqj wkh srvvlelolw| ri h{wud uhyhqxhv dw d odwhu vwdjh1
53Lq wklv htxdwlrq/ ￿ dqg { uhsuhvhqw wkh lghqwlfdo fkrlfhv pdgh e| doo rwkhu lqsxw surgxfhuv lq
wkh v|pphwulf htxloleulxp1
5:zlwk wkh qdo surgxfhu1 Wkh fkrlfh ri txdqwlw| uh hfwv/ dv ehiruh/ d edodqflqj ri
wkh pdujlqdo dgglwlrq wr wkh vxssolhu*v +kdoi, vkduh ri rshudwlqj surwv dqg wkh +ixoo,
pdqxidfwxulqj frvw1
Zh surfhhg qrz wr fkdudfwhul}h wkhvh fkrlfhv1 Lq rughu wr dyrlg d wd{rqrp|/ zh
olplw rxu dwwhqwlrq wr fdvhv lq zklfk wkh frvw ri uhwurwwlqj frpsrqhqwv lv qrw wrr
odujh1 Lq sduwlfxodu zh dgrsw
Sdudphwhu Uhvwulfwlrq 4= q  *D1
Uhfdoo iurp Iljxuh 7 wkdw d qdo0jrrg surgxfhu pd| ru pd| qrw xvh doo ri wkh frp0
srqhqwv dydlodeoh iurp d vhfrqg0urxqg vxssolhu/ ghshqglqj rq wkh vfdoh ri pdunhw
ghpdqg dqg wkh khljkw ri pdujlqdo frvw1 Wkh sdudphwhu uhvwulfwlrq zloo hqvxuh wkdw
doo frpsrqhqwv duh lq idfw xvhg/ qr pdwwhu krz srru wkh vhfrqg0urxqg pdwfk kdsshqv
wr eh1
Vxssrvh lw lv rswlpdo wr xvh doo frpsrqhqwv lq dq| vhfrqg0urxqg pdwfk1 Wkhq/
E4￿c% ￿cw ￿￿'￿3k%k
￿  q%￿E n 42
￿  24￿ ULtw￿￿/ wkh glhuhqfh ehwzhhq uhyhqxhv
iurp wkh vdoh ri +￿ ' %￿ xqlwv ri wkh qdo jrrg  dqg wkh frvw wr wkh qdo surgxfhu
ri xvlqj wkh ohvv0wkdq0lghdo frpsrqhqwv1 Wkh rxwvlgh rswlrq UE4￿c% ￿ lv rqh0kdoi wkh































Wkh vroxwlrq wr +47, uhtxluhv 4￿ '2 * dqg %￿ ' k￿*E￿3k￿Ee
￿ n D
bq3￿*E￿3k￿1
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54Zh fdq qrz fkhfn wkh frqglwlrqv xqghu zklfk doo dydlodeoh lqsxwv zloo eh xvhg lq d vhfrqg0urxqg
pdwfk1 Zlwk wkh ghpdqg ixqfwlrq lq +4,/ pdujlqdo uhyhqxh htxdov ￿s @7 @6.8 ￿@<1 Wkh zruvw
srvvleoh vhfrqg0urxqg pdwfk kdv ￿ @ ￿/ dqg wkhuhiruh ! @ ￿+4 . ￿,51 Vlqfh ￿ @5 @6/ wkh pd{lpxp
pdujlqdo frvw lv 58￿@<1E x w￿ ￿ 6@8 hqvxuhv 7@6.8 ￿@< ￿ 58￿@<1
5;Hylghqwo|/ lqsxw surgxfhuv vshfldol}h wkhlu frpsrqhqwv rqo| sduwldoo|1 Wklv uhs0
uhvhqwv dqrwkhu glvdgydqwdjh ri dupv0ohqjwk ghdolqj uhodwlyh wr yhuwlfdo lqwhjudwlrq1
Wkh htxloleulxp ydoxh ri 2* uh hfwv wkh sduwlfxodu +txdgudwlf, irup ri wkh frvw ixqf0
wlrq dqg wkh dvvxpswlrq wkdw sduwlhv ehdu htxdo zhljkwv lq wkh edujdlq1 Krzhyhu/ dq
lqwhuhvwlqj dqg pruh urexvw revhuydwlrq lv wkdw 4 grhv qrw ghshqg rq q1L w p l j k w
vhhp wkdw lqsxw surgxfhuv zrxog eh lqfolqhg wr juhdwhu vshfldol}dwlrq zkhq wkh frvwv
ri dgdswdwlrq duh odujh1 Krzhyhu/ wkh frvw sdudphwhu dhfwv qrw rqo| wkh ydoxh ri d
frpsrqhqw wr lwv lqwhqghg xvhu/ exw dovr lwv ydoxh wr rwkhuv1 Zkhq q lv odujh/ wkh
qdo surgxfhu*v surwv duh vhqvlwlyh wr 4/ exw vr wrr lv wkh rxwvlgh rswlrq1 Wkhvh wzr
hhfwv rvhw rqh dqrwkhu/ ohdylqj wkh vxssolhu*v fkrlfh ri vshflflw| lqghshqghqw ri
q1
Frpsdulqj +49, zlwk +6,/ zh vhh wkdw wkh htxloleulxp sulfh ri qdo jrrgv lv orzhu
zkhq d vhfrqgdu| pdunhw h{lvwv155 Wklv lv ehfdxvh wkh rxwvlgh rswlrq plwljdwhv wkh
krog0xs sureohp1 Pruh frpsrqhqwv duh surgxfhg/ ehfdxvh wkh lqsxw surgxfhu kdv
wkh rssruwxqlw| wr vhoo wkhp wr rwkhuv li wkh lqlwldo sduwqhu idlov wr rhu d uhdvrqdeoh
sulfh1
Wr frpsohwh wkh ghvfulswlrq ri wkh htxloleulxp/ zh qhhg wr frqvlghu vhsdudwho|
wkh fdvhv lq zklfk lqsxw surgxfhuv dqg qdo surgxfhuv hqwhu lq odujhu qxpehuv1 Li
?U  ?8/ doo qdo surgxfhuv qg uvw0urxqg pdwfkhv/ dqg doo vxfk upv euhdn hyhq1
Hdfk lqlwldo pdwfk glvvroyhv zlwk suredelolw| B forvh wr }hur1 Zlwk suredelolw| forvh
wr rqh/ d w|slfdo qdo surgxfhu uhfhlyhv uhyhqxhv ri .*? dqg ehduv d frvw ri q*b iru
dgdswlqj hdfk ri .*?Rsduwldoo| vshfldol}hg frpsrqhqwv1 Wkh up uhwdlqv dv rshudwlqj
surwv lwv rxwvlgh rswlrq 8E4c% soxv rqh0kdoi ri wkh vxusoxv lq lwv uhodwlrqvkls zlwk
wkh lqsxw vxssolhu1 Exw wklv vxusoxv lv mxvw htxdo wr rqh0kdoi ri wrwdo uhyhqxhv qhw
ri wkh dgdswdwlrq frvwv156 Uhfdoo wkdw vshqglqj htxdov djjuhjdwh lqfrph/ ru . ' u1
Wkhq/ li rshudwlqj surwv iru wkh qdo surgxfhu duh wr pdwfk wrwdo {hg frvwv/ zh
55Xqghu Sdudphwhu Uhvwulfwlrq 4/ +49, lpsolhv 7@6￿ ￿ s ￿ 8@6￿/ zkhuhdv wkh sulfh ri ￿qdo jrrgv
lv 5@￿ zkhq wkhuh lv qr vhfrqgdu| pdunhw1
56Wkh vxusoxv wr eh vkduhg lv
D4￿￿{￿ ￿ ￿+4 ￿ ￿,5{ ￿ RI+￿>{, ￿ RL+￿>{,1
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Rxwsxw shu up htxdov .*?R/v r
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Li ?8  ?U/ lw lv wkh lqsxw surgxfhuv wkdw qg lqlwldo sduwqhuv zlwk suredelolw| rqh1
Dq lqsxw surgxfhu sd|v &U lq {hg frvwv dqg % ' .*?R ' u*?R lq pdqxidfwxulqj
frvwv1 Lwv surfhhgv duh wkh vxp ri lwv rxwvlgh rswlrq dqg rqh0kdoi ri wkh vxusoxv lq
lwv uhodwlrqvkls zlwk d qdo surgxfhu/ zklfk djdlq lv rqh0kdoi ri wrwdo uhyhqxhv ri
u*? ohvv rqh0kdoi ri wkh dgdswdwlrq frvwv ri qu*b?R1 ]hur surwv uhtxluhv htxdolw|









Ri frxuvh/ wkh qxpehu ri upv pxvw eh srvlwlyh/ vr dq htxloleulxp ri wklv w|sh uhtxluhv
k	E2 n Dq*EH n q1 Lq wkh hyhqw/ rxwsxw shu up lv
+ '
Hk&U
2 n ED  kq  Hk
 +53,
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2 n ED  kq  Hk
dqg k	E2nDq*EH nq1 Wkhq +4:, dqg +4;, jlyh wkh fdqglgdwh ydoxhv iru ? dqg
+1 Li wkh lqhtxdolw| uxqv wkh rssrvlwh gluhfwlrq dqg k	E2nDq*EHnq/h t x d w l r q v
+4<, dqg +53, duh wkh fdqglgdwh ydoxhv iru ? dqg +1 Ilqdoo|/ li k  E2nDq*EHnq/
zh fdqqrw kdyh ?8  ?U ru ?8  ?U : f1 Lw iroorzv wkdw wkhuh fdq eh qr htxloleulxp
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63zlwk shuydvlyh rxwvrxuflqj zkhq sduwldo vshfldol}dwlrq lv srvvleoh dqg wkh qdo jrrgv
duh forvh vxevwlwxwhv1
Dv ehiruh/ zh fdq zulwh wkh htxloleulxp frqglwlrqv pruh vxfflqfwo|1 Vxssrvh
k	E2 n Dq*EH n q dqg ghqh


















Wkhq/ li dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj dqg sduwldo vshfldol}dwlrq h{lvwv/








+ ' k	 V1+ 5 5 ,
Iru dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj wr h{lvw/ lw pxvw qrw eh surwdeoh iru
d yhuwlfdoo| lqwhjudwhg up wr hqwhu1 D yhuwlfdoo| lqwhjudwhg hqwudqw zrxog surgxfh
lwv lghdo frpsrqhqw dw d frvw ri b shu xqlw ri rxwsxw dqg zrxog pd{lpl}h surwv
e| vhwwlqj lwv sulfh htxdo wr b*k Dw wklv sulfh/ lwv vdohv zrxog eh Eb*k3￿*E￿3k￿/
zlwk  'E u*?Rk*E￿3k￿ dqg R jlyhq e| +49,1 Xvlqj +54, zh fdofxodwh wkh srwhqwldo








1 H{lvwhqfh ri dq htxloleulxp
zlwk rxwvrxuflqj uhtxluhv wkdw wkhvh surwv eh qr juhdwhu wkdq &1
Zh vxppdul}h wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru wkh h{lvwhqfh ri dq htxl0
oleulxp zlwk shuydvlyh rxwvrxuflqj xqghu Sdudphwhu Uhvwulfwlrq 4 lq wkh iroorzlqj
sursrvlwlrq1
Sursrvlwlrq 6 Zkhq q  *Dc wkhuh h{lvwv dq htxloleulxp zlwk sduwldo vshfldol}dwlrq
dqg shuydvlyh rxwvrxuflqj li dqg rqo| li k	E2 n Dq*EH n q dqg
&
	 V








Dv lq wkh vlpsoh prgho/ wkh h{lvwhqfh ri dq htxloleulxp zlwk rxwvrxuflqj lv pruh
olnho| wkh odujhu lv wkh h{fhvv {hg frvw iru lqwhjudwhg upv dqg wkh odujhu lv wkh







2 a a -
k  
a
2k   I
operating 
profits
Iljxuh 8= H{lvwhqfh ri dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj= yduldeoh 4
surgxfwlylw| glvdgydqwdjh ri vxfk upv1 Qrz/ dq htxloleulxp zlwk rxwvrxuflqj qhyhu
h{lvwv zkhq wkh qdo jrrgv duh forvh vxevwlwxwhv1 Zlwk k forvh wr rqh/ wkhuh lv qr
srvvlelolw| wkdw lqsxw surgxfhuv fdq euhdn hyhq lq wkh idfh ri wkh krog0xs sureohp1
Hyhq li k lv forvh wr E2nDq*EHnq 	 / rxwvrxuflqj fdqqrw dulvh1 Dv k dssurdfkhv
E2 n Dq*EH n q/ wkh lqsxw surgxfhuv fdq euhdn hyhq rqo| li wkhuh duh yhu| ihz ri
wkhp1 Exw zlwk vr ihz frpshwlwruv/ d yhuwlfdoo| lqwhjudwhg up fdq hqwhu surwdeo|/
ehfdxvh lw idfhv urexvw ghpdqg1
Dw wkh rssrvlwh h{wuhph/ zkhq vxevwlwxwdelolw| ehwzhhq surgxfwv lv srru/ rxw0
vrxuflqj fdq dulvh rqo| li wkh h{fhvv jryhuqdqfh frvwv iru d yhuwlfdoo| lqwhjudwhg up
duh odujh1 Zlwk k forvh wr }hur/ +56, ehfrphv &  2  4@ i&8c& Uj1 Qrwlfh wkdw wkh
frqglwlrq qr orqjhu ghshqgv rq b ru q d q gw k d wl wf d q q r we hv d w l v  h gl i& * &8 n&U1
W|slfdoo|/ dq htxloleulxp zlwk rxwvrxuflqj zloo h{lvw iru dq lqwhuphgldwh udqjh
ri ghpdqg hodvwlflwlhv/ dv looxvwudwhg lq Iljxuh 81 Khuh/ wkh fxuyh 88 ghslfwv wkh










￿2nED3k￿q zkloh wkh fxuyh UU ghslfwv
w k hv d p hi x q f w l r qi r u5 '
￿H&U
￿2nED3k￿q3￿Hk1 Dq htxloleulxp zlwk rxwvrxuflqj uhtxluhv
65k  7 k ' E2nDq*EHnq dqg & deryh erwk 88 dqg UU1 Lq wkh jxuh/ wklv kdsshqv
zkhq k olhv ehwzhhq k￿ dqg k2157
Iljxuh 8 fdq dovr eh xvhg wr vwxg| krz wkh ghjuhh ri lqsxw vshflflw| dhfwv wkh
olnho| h{lvwhqfh ri dq htxloleulxp zlwk rxwvrxuflqj1 Uhfdoo wkdw q phdvxuhv wkh h{wud
frvw shu xqlw rxwsxw ri xvlqj d jhqhulf lqsxw uhodwlyh wr d ixoo| vshfldol}hg rqh1 Lw
lv hdv| wr yhuli| wkdw/ iru q	*Dc dq lqfuhdvh lq q fdxvhv wkh 88 fxuyh wr vkliw
xszdug dqg wkh UU fxuyh wr vkliw grzqzdug1 Wkh lqwhuvhfwlrqv ri wkhvh fxuyhv zlwk
wkh & olqh erwk vkliw wr wkh uljkw1 Wkhuhiruh/ dq lqfuhdvh lq q udlvhv k￿c dqg wkxv
wkh vpdoohvw ydoxh ri wkh ghpdqg hodvwlflw| dw zklfk dq htxloleulxp zlwk rxwvrxuflqj
h{lvwv1 Exw lw dovr lqfuhdvhv k2/ dqg wkxv wkh odujhvw ghpdqg hodvwlflw| iru zklfk vxfk
dq htxloleulxp h{lvwv1
Wr xqghuvwdqg wklv uhvxow/ zh pxvw wklqn derxw krz fkdqjlqj q dhfwv wkh suri0
lwdelolw| ri vshfldol}hg upv1 Wkhuh lv d gluhfw hhfw ri wkh lqfuhdvh lq dgdswdwlrq
frvwv dqg dq lqgluhfw hhfw wkdw uh hfwv wkh lqgxfhg fkdqjh lq wkh rxwsxw ri lqwhuph0
gldwhv1 Wkh gluhfw hhfw uhgxfhv mrlqw surwv/ jlyhq rxwsxw/ dqg erwk lqwhuphgldwh
dqg qdo surgxfhuv vkduh lq wklv orvv158 Dv iru wkh lqgluhfw hhfw/ zh revhuyh iurp
+55, wkdw _%*_q ' _+*_q 	 f1 Dq lqfuhdvh lq dgdswdwlrq frvwv uhgxfhv wkh lqfhqwlyh
wkdw lqsxw surgxfhuv kdyh wr surgxfh lqwhuphgldwhv1 Vlqfh wkh htxloleulxp rxwsxw lv
vpdoohu wkdq wkh dprxqw wkdw pd{lpl}hv uhyhqxhv ohvv dgdswdwlrq frvwv/ wkh lqgluhfw
hhfw kdupv qdo surgxfhuv dv zhoo1 Exw wkh idoo lq rxwsxw ehqhwv lqwhuphgldwh
surgxfhuv1 Wkhvh surgxfhuv fkrrvh wkhlu rzq %￿ wr pd{lpl}h surwv/ wdnlqj wkh rxw0
sxw ri wkhlu ulydov dv jlyhq1 E| wkh hqyhorsh wkhruhp/ d fkdqjh lq %￿ zrxog kdyh
qr uvw0rughu hhfw rq d up*v surwv/ li rwkhuv* rxwsxw ohyhov zhuh wr uhpdlq {hg1
Exw wkh pdujlqdo rxwsxw ri hdfk lqsxw surgxfhu jhqhudwhv d qhjdwlyh h{whuqdolw| iru
57Zkloh wkh ￿jxuh vkrzv wkh LL fxuyh dv hyhu|zkhuh xszdug vorslqj/ lw fdq eh X0vkdshg li ￿ lv
odujh1 Wklv grhv qrw d￿hfw wkh frqfoxvlrq wkdw rxwvrxuflqj w|slfdoo| uhtxluhv dq lqwhuphgldwh ydoxh
iru ￿1
58Uhfdoo wkdw hdfk surgxfhu hduqv lwv rxwvlgh rswlrq soxv kdoi ri wkh vxusoxv lq wkh uhodwlrqvkls1
Exw/ lq htxloleulxp/ wkh rxwvlgh rswlrqv duh wkh vdph1 Vr hdfk vlgh uhfhlyhv kdoi ri wkh uhyhqxhv
iurp wkh vdoh ri wkh ￿qdo jrrgv ohvv wkh dgrswdwlrq frvwv1 Dq lqfuhdvh lq dgdswdwlrq frvwv/ kroglqj
rxwsxw frqvwdqw/ uhgxfhv hduqlqjv iru erwk sduwqhuv1
66wkh rwkhuv/ e| lpsurylqj voljkwo| wkh rxwvlgh rswlrq iru qdo0jrrg surgxfhuv1 Zkhq
doo lqsxw surgxfhuv uhgxfh wkhlu rxwsxwv wrjhwkhu/ wkh pdujlqdo hhfw rq wkhlu mrlqw
surwv +iru jlyhq q, lv srvlwlyh1 Qrw rqo| gr lqsxw surgxfhuv ehqhw iurp wkh lqgluhfw
hhfw ri lqfuhdvlqj q/e x wz l w kq	*D/ wkh lqgluhfw hhfw pxvw eh vwurqjhu wkdq wkh
kdupixo gluhfw hhfw1
Duphg zlwk wkh nqrzohgjh wkdw lqfuhdvlqj q udlvhv wkh surwdelolw| ri lqwhuphgl0
dwh surgxfhuv dqg uhgxfhv wkdw ri qdo surgxfhuv/ zh duh uhdg| wr h{sodlq wkh qglqj
looxvwudwhg lq Iljxuh 81 Zkhq ?U :? 8/ lw lv wkh surwdelolw| ri qdo surgxfhuv wkdw
ghwhuplqhv wkh wrwdo qxpehu ri upv lq wkh pdunhw1 Dq lqfuhdvh lq q lqgxfhv 0
qdo surgxfhuv wr h{lw/ dqg vr h{sdqgv wkh pdunhw iru srwhqwldo hqwu| e| d yhuwlfdoo|
lqwhjudwhg up1 Lq frqwudvw/ zkhq ?8 :? Uc lw lv wkh surwdelolw| ri lqsxw surgxf0
huv wkdw ghwhuplqhv wkh wrwdoo| qxpehu ri ydulhwlhv1 Vlqfh dq lqfuhdvh lq q udlvhv
surwdelolw| iru wkhvh surgxfhuv/ lw lqgxfhv hqwu|/ zklfk qduurzv wkh pdunhw iru d
yhuwlfdoo|0lqwhjudwhg up1 Lq vkruw/ li ?U :? 8/d ql q f u h d v hl qq qduurzv wkh udqjh ri
ydoxhv ri k iru zklfk shuydvlyh lqwhjudwlrq lv vxvwdlqdeoh/ exw li ?8 :? U/w k hr s s r v l w h
lv wuxh1
Rxu frqfoxvlrqv derxw wkh uroh ri q ehdu hpskdvl}lqj1 Lw pljkw dsshdu wkdw kljk
dgdswdwlrq frvwv duh lqlplfdo wr rxwvrxuflqj dv d prgh ri lqgxvwuldo rujdql}dwlrq1
Diwhu doo/ wkh pruh vhqvlwlyh duh pdqxidfwxulqj frvwv wr wkh vshflfdwlrqv ri d frp0
srqhqw/ wkh juhdwhu zloo eh wkh lqh!flhqf| dvvrfldwhg zlwk sduwldo vshfldol}dwlrq lq
dq| dupv0ohqjwk uhodwlrqvkls1 Exw/ gxh wr wkh htxloleulxp lqwhudfwlrq ehwzhhq upv/
rxwvrxuflqj pd| rffxu lq d pdunhw zlwk prghudwho| odujh dgdswdwlrq frvwv/ zkhuh
wkh vshfldol}hg lqsxw surgxfhuv frxog qrw vxuylyh iru vpdoohu ydoxhv ri q1
915 Yhuwlfdo Lqwhjudwlrq yhuvxv Rxwvrxuflqj
Wkh survshfw ri d vhfrqgdu| pdunhw lq sduwldoo| vshfldol}hg frpsrqhqwv kdv qr ehdu0
lqj rq wkh h{lvwhqfh ri dq htxloleulxp zlwk rqo| yhuwlfdoo|0lqwhjudwhg upv1 Dv lq
wkh vlpsoh prgho/ vxfk dq htxloleulxp dozd|v h{lvwv> li qr vshfldol}hg upv hqwhu
wkh pdunhw/ d surgxfhu frqwhpsodwlqj vxfk hqwu| zloo iruhvhh wkh ixwlolw| lq qglqj
d sduwqhu1 Lqghhg/ wkh htxloleulxp lq wklv fdvh lv h{dfwo| wkh vdph dv lq wkh vlpsoh
67prgho1 Wkh lqwhjudwhg hqwudqwv vshfldol}h wkhlu lqsxwv ixoo| wr wkhlu rzq qhhgv> l1h1/
4￿ 'iru doo 1 Prqrsrolvwlf frpshwlwlrq hqvxhv1 Wkh htxloleulxp ydoxhv ri  R/  ? dqg
 + duh jlyhq e| +:, 0 +<,/ dv ghulyhg lq Vhfwlrq 7141
Pruhryhu/ wkhuh djdlq h{lvwv qr htxloleulxp zlwk pxowlsoh prghv ri rujdql}dwlrq/
h{fhsw iru vshfldo sdudphwhu ydoxhv1 Hlwkhu doo upv duh yhuwlfdoo| lqwhjudwhg/ lq zklfk
fdvh hqwu| e| d vlqjoh vshfldol}hg surgxfhu lv xqsurwdeoh/ ru doo upv vshfldol}h lq
frpsrqhqwv ru dvvhpeo|/ lq zklfk fdvh d yhuwlfdoo|0lqwhjudwhg hqwudqw zrxog orvh
prqh|1 Wkh dujxphqw djdlqvw pl{hg htxloleuld lv h{dfwo| wkh vdph dv lq Vhfwlrq 6151
Ilqdoo|/ zh fdq frpsduh frqvxphu zhoiduh lq dq htxloleulxp zlwk sduwldo vsh0
fldol}dwlrq dqg shuydvlyh rxwvrxuflqj zlwk zhoiduh lq dq htxloleulxp zlwk shuydvlyh
lqwhjudwlrq dqg lghdo frpsrqhqwv1 Uhfdoo wkdw zhoiduh lq d v|pphwulf htxloleulxp
lv jlyhq e|  ' ?+k ru   ' ? +k1 Lq dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj/
? 'b u*E2 n Dq	 V dqg + ' k	 V1 Lq wkh htxloleulxp zlwk yhuwlfdo lqwhjudwlrq/
 ? 'E  ku*&c zkloh  + ' k&*bE  k1 Wkxv/ wkh htxloleulxp zlwk rxwvrxuflqj










Exw lw lv dssduhqw wkdw wklv frqglwlrq lv wkh vdph dv +56,/ zklfk lv rqh ri wkh qhfhvvdu|
frqglwlrqv iru wkh h{lvwhqfh ri dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj1 Lw iroorzv
wkdw/ zkhqhyhu dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj h{lvwv/ vxfk dq htxloleulxp
lv vrfldoo| suhihuuhg wr rqh zlwk yhuwlfdoo| lqwhjudwhg surgxfhuv1
:F r q f o x v l r q v
Zh kdyh lqfrusrudwhg idploldu lghdv iurp rujdql}dwlrq wkhru| lqwr d vhwwlqj ri jhqhudo
htxloleulxp1 Olnh Zlooldpvrq +4<:8/ 4<;8,/ Jurvvpdq dqg Kduw +4<;9,/ Kduw dqg
Prruh +4<<3,/ dqg rwkhuv/ zh kdyh prghohg d up*v pdnh ru ex| ghflvlrq dv d
wudgh0r ehwzhhq wkh wudqvdfwlrq frvwv wkdw vwhp iurp lqfrpsohwh frqwudfwv dqg wkh
h{fhvv jryhuqdqfh frvwv dvvrfldwhg zlwk yhuwlfdo lqwhjudwlrq1 Rxu frqwulexwlrq kdv
ehhq wr fdvw wkhvh ghflvlrqv lq dq hqylurqphqw zkhuh d up*v pdunhw rssruwxqlwlhv
ghshqg rq wkh rujdql}dwlrqdo fkrlfhv ri rwkhuv1
68Rxu prgho doorzv xv wr srvh txhvwlrqv wkdw zhuh rxwvlgh wkh sxuylhz ri wkh suhyl0
rxv olwhudwxuh irfxvlqj rq elodwhudo uhodwlrqvklsv1 Iru h{dpsoh/ zh h{dplqhg zkhwkhu
dupv0ohqjwk ghdolqj ehwzhhq lqsxw vxssolhuv dqg qdo surgxfhuv lv pruh olnho| wr
dulvh lq frpshwlwlyh ru prqrsrolvwlf pdunhwv1 Zh irxqg wkdw yhuwlfdo lqwhjudwlrq lv
wkh prvw olnho| prgh ri rujdql}dwlrq lq pdunhwv zlwk lqwhqvh frpshwlwlrq ru zlwk olwwoh
frpshwlwlrq1 Rxwvrxuflqj w|slfdoo| uhtxluhv dq lqwhuphgldwh ghjuhh ri pdunhw srzhu1
Zh dovr h{dplqhg krz wkh vshflflw| ri lqsxwv dhfwv wkh srvvlelolwlhv iru dupv0ohqjwk
ghdolqj1 Wkh pruh vhqvlwlyh duh pdqxidfwxulqj frvwv wr wkh ghwdlohg fkdudfwhulvwlfv
ri wkh lqwhuphgldwhv/ wkh pruh frvwo| zloo eh wkh lqh!flhqf| dulvlqj iurp sduwldo vsh0
fldol}dwlrq ri frpsrqhqwv xqghu lqfrpsohwh frqwudfwlqj1 Vwloo/ dq htxloleulxp zlwk
rxwvrxuflqj pd| h{lvw zkhq wkh frvw ri xvlqj ohvv0vshfldol}hg frpsrqhqwv lv uhdvrq0
deo| odujh dqg idlo wr h{lvw zkhq wklv frvw lv vpdoo1 Wklv lv ehfdxvh lqsxw vshflflw|
dhfwv qrw rqo| wkh vl}h ri wkh vxusoxv lq d uhodwlrqvkls ehwzhhq d surgxfhu dqg lwv
vxssolhu/ exw dovr krz wkdw vxusoxv lv vkduhg1
Ilqdoo|/ zh vwxglhg wkh h!flhqf| surshuwlhv ri wkh htxloleulxp fkrlfhv ri lqgxvwuldo
rujdql}dwlrq1 Khuh zh irxqg wkdw frqvxphu zhoiduh lv kljkhu zlwk vshfldol}hg upv
wkdq zlwk lqwhjudwhg upv zkhqhyhu d iuhh0hqwu| htxloleulxp zlwk rxwvrxuflqj h{lvwv1
Rq wkh rwkhu kdqg/ li vxfk dq htxloleulxp grhv qrw h{lvw/ h!flhqf| orvvhv zrxog dwwhqg
dq| hruw e| d jryhuqphqw wr lqgxfh rxwvrxuflqj e| vfdo phdqv1 Lq wklv vhqvh/ wkh
pdunhw fkrlfh ri rujdql}dwlrqdo prgh lv frqvwudlqhg h!flhqw lq rxu prgho1
Wkh pdlq frqwulexwlrq ri wklv sdshu kdv ehhq wr surylgh d vlpsoh iudphzrun iru
vwxg|lqj wkh htxloleulxp prgh ri rujdql}dwlrq/ wkh uhvxowlqj ghjuhh ri lqsxw vshfldo0
l}dwlrq/ dqg rwkhu yduldeohv ri lqwhuhvw/ vxfk dv sulfhv/ ydulhw|/ dqg frqvxphu zhoiduh1
Rxu prgho lv vlpsoh hqrxjk wr doorz prglfdwlrqv dqg h{whqvlrqv/ iru h{dpsoh wr d
ulfkhu phqx ri frqwudfwxdo rswlrqv dqg wr dowhuqdwlyh w|shv ri frusrudwh sduwqhuvklsv1
Zh duh frqghqw wkdw lw fdq eh xvhg wr vkhg oljkw rq lpsruwdqw lvvxhv/ vxfk dv wkh
lqfuhdvlqj h{whqw ri lqwhuqdwlrqdol}dwlrq wkdw zdv phqwlrqhg lq wkh lqwurgxfwlrq1 Lq
zklfk w|shv ri frxqwulhv zloo upv fkrrvh wr rshudwh dv pxowlqdwlrqdo frusrudwlrqv
dqg lq zklfk zloo wkh| ghdo dw dupv ohqjwk/ li idfwru sulfhv dqg wudqvsruw frvwv pdnh
iruhljq surgxfwlrq rswlpdoB Zkhq pljkw mrlqw yhqwxuhv dulvh dv dq dowhuqdwlyh wr wkh
69wzr pruh h{wuhph prghv ri lqgxvwuldo rujdql}dwlrqB Zkdw duh wkh glvwulexwlrqdo dqg
srolf| lpsolfdwlrqv ri lqwhuqdwlrqdo rxwvrxuflqjB Gr orqj whup frqwudfwv ehwzhhq
qdwlrqdo upv rshudwh dv eduulhuv wr wudghB Wkhvh duh wkh w|shv ri txhvwlrqv zh krsh
wr eh deoh wr dgguhvv zlwk rxu prgho1
6:Dsshqgl{
Lq wklv dsshqgl{/ zh ghvfuleh dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj iru dq
hfrqrp| lq zklfk vwdqg0dorqh surgxfhuv ri lqwhuphgldwh lqsxwv dqg qdo jrrgv fdq
zulwh elqglqj frqwudfwv1 E| frpsdulqj wklv htxloleulxp zlwk wkdw ghvfulehg lq Vhfwlrq
6/ zh fdq ehwwhu xqghuvwdqg wkh lpsolfdwlrqv ri lqfrpsohwh frqwudfwv iru wkh yldelolw|
ri dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj1 Hyhq zlwkrxw frqwudfwlqj sureohpv/
vshfldol}hg upv vxhu d glvdgydqwdjh uhodwlyh wr yhuwlfdoo| lqwhjudwhg upv/ ehfdxvh
wkh| pxvw qg sduwqhuv159 Wkh iroorzlqj dqdo|vlv lvrodwhv wkh glvdgydqwdjh ri vsh0
fldol}dwlrq dulvlqj iurp pdwfklqj dorqh1
Wkh prgho lv wkh vdph dv lq Vhfwlrq 6/ h{fhsw wkdw pdwfkhg upv fdq qrz vljq
elqglqj frqwudfwv1 Zkhq wzr vshfldol}hg upv phhw/ wkh| edujdlq ryhu wkh txdqwlw|
dqg txdolw| ri wkh lqwhuphgldwh lqsxw dqg lwv sulfh1 Wkh sduwlhv vljq dq hqirufhdeoh
frqwudfw wkdw glfwdwhv wkhvh whupv1 Wkh lqsxw surgxfhu pdqxidfwxuhv wkh vshflhg
txdqwlw| ri lqwhuphgldwh jrrgv dqg h{fkdqjhv wkhp iru wkh djuhhg sd|phqw1 Lq wkh
odvw vwdjh/ wkh qdo0jrrg surgxfhu dvvhpeohv wkh qlvkhg surgxfw dqg vhoov lw wr
frqvxphuv1
Frqvlghu wkh edujdlqlqj vwdjh1 Dw wklv vwdjh/ hdfk vlgh kdv lqfxuuhg wkh {hg
frvw ri hqwu|/ exw qhlwkhu kdv eruqh dq| pdqxidfwxulqj frvwv1 Vlqfh wkh rxwvlgh
rswlrqv duh }hur/ hdfk up h{shfwv wr uhfhlyh kdoi ri wkh vxusoxv/ zklfk qrz htxdov
R+  +  6U  681 Wkh vxusoxv lv vlpso| uhyhqxh ohvv wkh mrlqw pdqxidfwxulqj frvwv
+{hg dqg yduldeoh, ri wkh sduwqhuv1 Wkh upv djuhh rq wkh yroxph ri lqsxwv wkdw
pd{lpl}hv wkh vxusoxv lq oljkw ri wkh ghpdqg jlyhq e| +4,1 Wkh uhvxowlqj frqwudfw
vshflhv wkh txdqwlw| dv % ' kk*E￿3k￿ dqg wkh txdolw| dv kljk1 Lw dovr lqglfdwhv d
sd|phqw wr wkh lqwhuphgldwh surgxfhu wkdw jlyhv wkh up kdoi ri wkh vxusoxv1 Zlwk





zklfk lv rqh kdoi wkh sulfh zlwkrxw frqwudfwlqj +vhh ^6`,15: Qrwlqj wkdw/ lq htxloleulxp/
59Zh wkdqn Rolyhu Kduw iru wklv revhuydwlrq1
5:Zh xvh d vxevfulsw f wr ghqrwh htxloleulxp ydoxhv lq wkh hfrqrp| zlwk shuihfw frqwudfwv1
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1
Qrz zh kdyh wzr srvvleoh fdvhv= hlwkhu ?U  ?8 ru ?U  ?81 Li lqsxw surgxfhuv
duh pruh qxphurxv/ wkh qdo0jrrg surgxfhuv qg d pdwfk zlwk suredelolw| rqh1
Wkhq/ kdoi ri wkh vxusoxv pxvw fryhu wkhlu {hg frvw ri hqwu|/ e81 Wklv uhtxluhv
?S ' ?8 'E ku*E&U n &8 n e8  eU1 Li/ rq wkh rwkhu kdqg/ qdo0jrrg surgxfhuv
duh pruh qxphurxv/ lw lv wkh lqsxw surgxfhuv zkr qg pdwfkhv zlwk suredelolw|
rqh1 Wkhq kdoi ri wkh vxusoxv pxvw fryhu wkhlu hqwu| frvwv/ zklfk lpsolhv ?S '










E&U n &8 n me8  eUmc
dqg me8  eUm lv wkh devroxwh glhuhqfh ehwzhhq wkh wzr frvwv ri hqwu|1
Lq wklv htxloleulxp/ ?S ' ?8  ?U zkhqhyhu e8  eU dqg ?S ' ?U  ?8 zkhqhyhu
eU  e81 Wkdw lv/ wkh frpsdudwlyh vl}hv ri wkh hqwu| frvwv ghwhuplqh zklfk lv wkh orqj
hqg ri wkh pdunhw1 Vlqfh +S ' u*RS?S/ lw iroorzv iurp +D4, dqg +D5, wkdw
+S ' kVS
dqg S ' VSk3k*E￿3k￿1
Qrz frqvlghu wkh srvvleoh hqwu| ri d yhuwlfdoo| lqwhjudwhg up1 Wklv up zrxog
idfh wkh ghpdqg SR3￿*E￿3k￿ ' VSk3k*E￿3k￿R3￿*E￿3k￿1 Lw zrxog pd{lpl}h surwv e|
fkdujlqj d sulfh b*k dqg wkhuhe| hduq rshudwlqj surwv ri E  kVSb
3k*E￿3k￿1D q
htxloleulxp zlwk shuydvlyh rxwvrxuflqj fdq h{lvw rqo| li vxfk hqwu| lv qrw surwdeoh1
Hqwu| e| wkh lqwhjudwhg up zloo qrw surwdeoh li dqg rqo| li
&b
k
￿3k  &U n &8 n me8  eUm +D6,
Frqglwlrq +D6, lv d qhfhvvdu| dqg vx!flhqw frqglwlrq iru wkh h{lvwhqfh ri dq
htxloleulxp zlwk shuydvlyh rxwvrxuflqj1 Lw lv wkh frxqwhusduw wr +9, lq wkh prgho zlwk
6<lpshuihfw frqwudfwv1 Vlqfh b   dqg &  &U n&8/ wkh frqglwlrq lv vdwlvhg zkhqhyhu
wkh devroxwh glhuhqfh lq wkh hqwu| frvwv me8  eUm lv vx!flhqwo| vpdoo1 Zlwk htxdo
hqwu| frvwv iru erwk w|shv ri vwdqg0dorqh upv/ hyhu| hqwudqw fdq qg d pdwfk1 Wkhq
wkhuh lv qr glvdgydqwdjh wr vshfldol}hg hqwu|/ dqg wkh pdqxidfwxulqj frvw dgydqwdjhv
hqvxuh wkdw rxwvrxuflqj lv yldeoh1 Li/ rq wkh rwkhu kdqg/ wkh glhuhqfh lq hqwu| frvwv lv
odujh/ pdq| hqwudqwv rq rqh vlgh ri wkh pdunhw zloo idlo wr qg d pdwfk1 Wkh srwhqwldo
iru zdvwh gxh wr h{fhvvlyh hqwu| fdq xqghuplqh wkh h{lvwhqfh ri dq htxloleulxp zlwk
rxwvrxuflqj1
Wr vhh krz lpshuihfw frqwudfwlqj dhfwv wkh survshfwv iru rxwvrxuflqj/ zh zulwh
+9, lq d irup frpsdudeoh wr +D6,1 Xvlqj wkh ghqlwlrq ri V/ dqg uhduudqjlqj whupv/ zh
qg wkdw dq htxloleulxp zlwk shuydvlyh rxwvrxuflqj h{lvwv lq dq d zruog ri lpshuihfw





￿3k 4@ i&UcE  k&8j1+ D 7 ,
Frqglwlrq +D7, pd| eh pruh ru ohvv uhvwulfwlyh wkdq +D6,1 Iru h{dpsoh/ li e8 ' eU/
+D6, zloo eh vdwlvhg exw +D7, pd| idlo1 Wkhq dq htxloleulxp zlwk rxwvrxuflqj fdq
eh vxvwdlqhg zlwk shuihfw frqwudfwlqj/ exw qrw zlwk lpshuihfw frqwudfwv1 Rq wkh rwkhu
kdqg/ li k  f dqg me8  eUm&8 :& U/ wkhq +D7, pd| eh vdwlvhg +iru &:2&8, exw
+D6, pd| idlo +li &	2&8 n &U,1
Hylghqwo|/ lpshuihfw frqwudfwlqj pd| klqghu wkh survshfwv iru rxwvrxuflqj/ exw
dovr pd| pdnh rxwvrxuflqj vxvwdlqdeoh zkhuh rwkhuzlvh lw zrxog qrw eh1 Rq wkh rqh
kdqg/ lpshuihfw frqwudfwv fdxvh dq lqh!flhqw vxsso| +dqg/ zlwk sduwldo vshfldol}dwlrq/
dovr dq lqh!flhqw w|sh, ri lqsxw/ zklfk lpshghv wkh delolw| ri vshfldol}hg surgxfhuv
wr frpshwh zlwk dq lqwhjudwhg up1 Rq wkh rwkhu kdqg/ wkh shuihfw frqwudfwv lqgxfh
d glhuhqw vkdulqj ri wkh {hg pdqxidfwxulqj frvwv e| wkh wzr w|shv ri vshfldol}hg
upv1 Vlqfh wkh vkdulqj ri {hg frvwv khosv ghwhuplqh wkh lqfhqwlyhv iru hqwu|/ wkh
h{fhvvlyh hqwu| rq rqh vlgh ri wkh pdunhw pd| eh h{dfhuedwhg ru doohyldwhg e| shuihfw
frqwudfwlqj1
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wlrq dqg wkh Fkdqjlqj Qdwxuh ri Zruog Wudgh/ Ihghudo Uhvhuyh Edqn ri Qhz
\run Hfrqrplf Srolf| Uhylhz/ 7/ :<0<<1
^47` Nohlq/ Ehqmdplq/ Fudzirug/ Urehuw J1 dqg Dofkldq/ Duphq D1 +4<:;,/ Yhuwlfdo
Lqwhjudwlrq/ Dssursuldeoh Uhqwv/ dqg wkh Frpshwlwlyh Frqwudfwlqj Surfhvv/
Mrxuqdo ri Odz dqg Hfrqrplfv/ 54/ 5<:06591
^48` Pdvnlq/ Hulf dqg Wluroh/ Mhdq +4<<<,/ Xqiruhvhhq Frqwlqjhqflhv dqg Lqfrpsohwh
Frqwudfwv/ Uhylhz ri Hfrqrplf Vwxglhv/ 99/ ;604471
^49` Ulrugdq/ Plfkdho K1 dqg Zlooldpvrq/ Rolyhu H1 +4<;8,/ Dvvhw Vshflflw| dqg
Hfrqrplf Rujdql}dwlrq/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/6 /
69806:;1
^4:` PfOduhq/ Mrkq +4<<;,/ cJoredol}dwlrq* dqg Yhuwlfdo Vwuxfwxuh/ plphr/
Froxpeld Xqlyhuvlw|1
^4;` Vhjdo/ Lo|d +4<<<,/ Frpsoh{lw| dqg Uhqhjrwldwlrq= D Irxqgdwlrq iru Lqfrpsohwh
Frqwudfwv/ Uhylhz ri Hfrqrplf Vwxglhv/ 99/ 8:0;51
^4<` Zlooldpvrq/ Rolyhu H1 +4<:8,/ Pdunhwv dqg Klhudufklhv= Dqdo|vlv dqg Dqwlwuxvw
Lpsolfdwlrqv/ Qhz \run= Iuhh Suhvv1
^53` Zlooldpvrq/ Rolyhu H1 +4<;8,/ Wkh Hfrqrplf Lqvwlwxwlrqv ri Fdslwdolvp/Q h z
\run= Iuhh Suhvv1
^54` Zruog Wudgh Rujdql}dwlrq +4<<;,/ Dqqxdo Uhsruw 4<<;/ Jhqhyd= Zruog Wudgh
Rujdql}dwlrq1
^55` \hdwv/ Doh{dqghu M1 +4<<;,/ Mxvw Krz Elj lv Joredo Surgxfwlrq VkdulqjB Sro0
lf| Uhvhdufk Zrunlqj Sdshu Qr1 4;:4/ Wkh Zruog Edqn Ghyhorsphqw Uhvhdufk
Jurxs1
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